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RESUMO 

 
ALBERNAZ, V.G.P. Linfografia indireta utilizando contraste liposoluble para 
mapeamento de linfonodos sentinelas em cães com mastocitoma cutâneo 
Botucatu – SP. 2022. 189p. Doutorado – Faculdade de Medicina Veterinária e 
Zootecnia, Campus Botucatu, Universidade Estadual Paulista. 
 
O mastocitoma cutâneo (MCTc) é uma das neoplasias cutâneas mais comuns 
em cães. Metástase para o linfonodo (LN) drenante é a principal rota de 
disseminação sistêmica do MCTc. A detecção precoce de metástases em LNs é 
crucial no estadiamento e tratamento correto de cães com MCTc. O LN sentinela 
é amplamente variado entre indivíduos. O objetivo desta tese é realizar uma 
revisão descritiva do sistema linfático canino aplicado ao mapeamento de LNs 
sentinelas de cães com MCTc. Simultaneamente, foi conduzido um estudo 
clínico de cães com ocorrência natural de MCTc para avaliar se o papel da 
linfografia indireta (LI) com óleo iodado (OI) combinado com o método 
colorimétrico com azul patente (AP) na detecção do LN sentinela. A principal 
hipótese era que a LI ajudaria o cirurgião a detectar LNs intracavitários e mais 
LNs que a técnica do AP. Vinte e três cães fizeram parte do estudo prospectivo. 
LI OI detectou 29 LNs sentinelas em 19 cães, enquanto 4 não exibiram 
opacificação em LNs. O AP detectou 26 LNs em 19 cães, com 4 cães não 
demonstrando coloração azulada em LNs. Trinta e um LNs foram 
resseccionados, sendo que 10 estavam metastáticos. Laparotomia foi 
necessária para remover LNs ilíacos opacificados em 26% dos cães. A taxa de 
concordância entre a LI OI e LN regionais e AP e LNs regionais foi de 82,6%. A 
taxa foi de 78.2% quando comparando a LI com o AP. Somente um cão 
apresentou o LN sentinela drenante diferente do LN regional detectado pela LI. 
Em um contexto clínico, a LI com OI foi responsável por aumentar o número de 
LNs ressecionado em 41% (29% dos LNs removidos). Não houve diferença 
estatística quando comparando AP e a LI no cenário base do estudo 
(p=0.01855), contudo em um cenário clínico houve diferença significativa 
favorecendo a LI (p=0.0081). A opacificação desigual dos LNs sentinelas não 
teve associação significativa com a presença de metástase (p=0.2264). O 
mesmo ocorreu com a coloração azul clara do LN (p=0.6673). Contudo, o 
tamanho dos LNs metastáticos foi significativamente maior que os normais 
(p=0.0456). LNs aumentados de tamanho apresente 4.6 mais riscos de estarem 
metastáticos que os LNs não-palpáveis ou normais (p=0.0374). Locais de alto 
risco, limites de 3cm no tamanho, invasão profunda e sinal de Darier não 
estavam associados com metástase locorregional (p>0.05). Os resultados 
provenientes do mapeamento de LNs sentinelas foram responsáveis por 62,5% 
das indicações para quimioterapia adjuvante pós-operatória, mas somente um 
caso teve indicação alterada somente pela LI. Contudo, 60% dos cães com 
doença metastática apresentaram um LN sentinela metastático intracavitário que 
só pode ser detectado no pré-operatório pela LI. A LI com OI pré-operatória 
associada com o AP é um método eficiente de detectar LNs sentinelas em MCTc 
realizando cirurgia curativa. LI aumenta a taxa de detecção de LNs sentinelas 
em um contexto clínico. O padrão de opacificação do LN sentinela não deve ser 
utilizado para predizer metástases. 
 
Palavras-chave: Linfático; Metástases; Mastocitoma; Óleo Iodado, Radiografia;  
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ABSTRACT 

 

ALBERNAZ, V.G.P. Indirect lymphography using lipossoluble contrast for 

sentinel lymph node mapping in dogs with cutaneous mast cell tumor. 

Botucatu – SP. 2022. 189p. Doctorate Degree– Faculdade de Medicina 

Veterinária e Zootecnia, Campus Botucatu, Universidade Estadual Paulista. 

 

Cutaneous mast cell tumor (cMCT) is one of the most common skin cancers in 

dogs. Metastasis to draining lymph nodes is the main route to systemic 

dissemination of cMCT. Early detection of lymph node metastasis is crucial to 

correctly stage and treat dogs with cMCT. The sentinel lymph node (SLN) is 

widely variable among individuals. The objective of this thesis was to make a 

descriptive review of the canine lymphatic system applied to SLN mapping of 

dogs bearing cMCT. Simultaneously a clinical study of dogs with naturally 

occurring cMCT was conducted to evaluate the role of iodized oil (IO) indirect 

lymphography (IL) combined with patent blue colorimetric method in detecting 

SLN. The main hypothesis was that IL would aid the surgeon to detect 

intracavitary or more lymph nodes than the patent blue technique. Twenty-three 

dogs were enrolled in the prospective study. IO IL detected 29 contrasted SLN in 

19 dogs, while 4 dogs did not exhibit lymph node opacification. Patent blue 

detected 26 SLN in 19 dogs and 4 dogs did not have blue-colored nodes. Thirty-

one lymph nodes were resected, of which 10 were metastatic. Laparotomy was 

necessary to remove opacified iliac lymph nodes in 26% of the dogs. The rate of 

agreement between IO IL and patent blue with regional lymph nodes was 82.6%. 

The rate was 78.2% when comparing IL and patent blue. Only one dog had a 

draining SLN different from the regional lymph node as detected by IL. In a clinical 

setting, IO IL was responsible to increase the number of resected lymph nodes 

by 41% (29% of the resected SLN). There was no difference in detected SLN by 

PB and IO IL in the base scenario (p=0.1855), however, in a clinical scenario, 

there was a significant difference favoring IL (p=0.0081). Unequally opacified 

SLN could not be significatively associated with metastasis (p=.2264). The same 

occurred with light-blue color SLN (p=.6673). However, tumor size was 

significatively higher in dogs with lymph node metastasis (p=.0456). Enlarged 

lymph nodes had 4.6-fold more risk of being metastatic than non-

palpable/normal-sized nodes (p=.0374). High-risk sites, 3cm size cut-off, deep 

invasion, and Darier’s sign could not be associated with locoregional metastasis 

(p>.05). The SLN mapping was responsible for 62.5% of the postoperative 

indications of adjuvant chemotherapy, however, only one case was indicated 

solely by the IL. However, 60% of dogs with metastatic disease had an 

intracavitary metastatic SLN that could only be detected preoperatively by IL. 

Preoperative IO IL associated with patent blue is an efficient method to detect 

SLN in cMCT undergoing curative surgery. IL increases the rate of SLN detected 

in a clinical setting. The pattern of SLN opacification should not be used to predict 

metastasis.  

 

Keywords: Lymphatic; Metastasis; Mastocytoma; Iodized Oil, Radiographic 
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1. INTRODUCTION 

The lymphatic draining system is the main pathway for metastasis of 

canine cutaneous mast cell tumor (cMCT), which makes the histological 

evaluation of the lymph nodes (LN) one of the central aspects of MCT staging as 

a predictive of distant metastatic potential (Warland et al., 2014; Lejeune et al., 

2015). The LN evaluation is a prognosis factor for survival time and can also be 

a determinant to decide whether to pursue adjuvant chemotherapy after surgical 

resection of the primary cMCT (Worley et al., 2014; Lejeune et al., 2015).  

Metastatic disease of the LNs is often suspected on clinical examination 

and confirmed on fine needle aspirate biopsy (FNA) or histology after LN 

sampling or resection (Lejeune et al., 2013). However, both palpation and FNA 

have low sensitivity and specificity for MCT metastasis (Lejeune et al., 2015; 

Grimes et al., 2017; Fournier et al., 2018), and histology remains the gold-

standard method for diagnosis of nodal metastasis (Liptak et al., 2019). 

Furthermore, detection of which LN must be sampled or removed, especially 

when these are normal-sized or could not be palpated, can be challenging as the 

anatomical location does not precisely reflect the LN that drains the tumor site 

(Mayer et al., 2013; Worley et al., 2014).  

The non-selective dissection of LNs of women with breast cancer was 

associated with increased postoperative morbidity and complication without a 

real benefit on survival time (Ball et al., 2010; Abass et al., 2018). In these human 

patients, a sentinel lymph node (SLN) mapping approach is preferred as it allows 

the detection of the most probable LN to bear a metastasis while sparing the 

remaining nodes (Ball et al., 2010; Beek et al., 2015; Abass et al., 2018). Although 

extensive lymphatic dissection in dogs and cats may result in a lower 

complication rate compared to humans, there is a potential risk of not removing 

an affected LN thus missing a metastatic focus (Qiu et al., 2018; Liptak et al., 

2019). In this context, techniques to detect SLNs have been considered an 

alternative to the non-selective dissection of LNs in both humans and animals 

(Liptak et al., 2019). 

The SLN is the first draining LN of a lymphatic chain to drain the tumor 

site, and, therefore, is a representative sample of the remaining lymphatic chain. 
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The challenge for SLN detection is that lymphatic draining is anatomically 

unpredictable and variable, especially when a neoplasm is present, whose 

process of tumoral lymphangiogenesis can open inactivated lymphatic vessels, 

altering the normal lymphatic pattern (Werner 1995; Pereira et al., 2003; Liptak 

et al., 2019). 

Among the techniques for the detection of SLN, the intraoperative 

peritumoral injection of methylene blue or patent blue is the most straightforward. 

However, the techniques depend on the active search of the LNs by the surgeon 

as there is no prior information on which LN is the sentinel and must be removed. 

Furthermore, deep LNs located inside the abdominal cavity cannot be accessed 

during superficial skin surgery, even when colored, requiring a laparotomy for 

visual confirmation. To overcome this limitation, other techniques were 

developed, such as contrast-enhanced ultrasound, lymphoscintigraphy, 

computed tomography lymphangiography, and indirect lymphography with 

hydrosoluble or liposoluble contrast (Masannat et al., 2006; Somasundaran et al., 

2007; Giuliano et al., 2010; Gelb et al., 2010; Layfield et al., 2011; Morton, 2012; 

Zengel et al., 2013; Lyman et al., 2017; Van der Noordaa et al., 2017; Qiu et al., 

2018). The techniques of indirect lymphography acts in complement to the 

intraoperative mapping as contrasted LNs retain their normal appearance which 

is often hard to locate when dissecting the subcutaneous fat (Liptak et al., 2019; 

Brissot et al., 2016). 

This thesis aims to provide a throughout review of the current literature 

about mast cell tumor focusing on the lymphatic metastatic process and the 

sentinel lymph node mapping techniques. Finally, a scientific manuscript 

evaluating the indirect lymphography with liposoluble contrast for radiographic 

sentinel lymph node mapping of dogs bearing cutaneous mast cell tumor is 

presented.   
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2. DESCRIPTIVE REVIEW 

 

2.1. Canine Cutaneous Mast Cell Tumor 

 

Mast cells originate in the bone marrow but rapidly migrate to the 

peripheral tissues where it differentiates into mature mast cells. In healthy dogs, 

mast cells are present in most tissues, but mainly in those with environment 

contact, such as skin and mucosal surface. Mast cells can occasionally be found 

in the bone marrow but rarely in the systemic circulation (Scott et al., 2000). 

Among the main characteristics of the mast cells are the considerable number of 

cytoplasmatic granules containing histamine and heparin, both related to 

inflammatory and hypersensitivity reactions, such as allergy. (Scott et al., 2000; 

Castells, 2006). 

cMCT is the neoplastic proliferation of mast cells located in the dermis or 

subcutaneous tissues (Blackwood et al., 2012). Two histological forms of skin 

MCT are usually described: The cutaneous or dermal and the subcutaneous MCT 

(Willmann et al., 2021). While the first are usually nodular or ulcerative lesions, 

the last has a clinical presentation like lipoma (Blackwood et al., 2012; Willmann 

et al., 2021). The cMCT is the most common skin tumor, with an overall 

prevalence of 0.27% and up to 21% of all canine skin cancer (Sledge et al., 2003; 

Govier et al., 2003; Thamm et al., 2007; Shoop et al., 2015). 

Despite being most seen on the skin, MCT can also occur in 

hematopoietic organs, such as LNs, spleen, liver, bone marrow (i.e., 

extracutaneous/extramucosal MCT), and oral or gastrointestinal mucosa 

(mucosal MCT) (Willmann et al., 2021). In rare cases, MCT can progress to mast 

cell leukemia (O’Keefe et al., 1987; Moirano et al., 2018; Willmann et al., 2021). 

 

2.1.1 Clinical Presentation  

The classic and most frequently seen clinical presentation of cMCT are 

of a solitary nodule (London et al., 2003; Misdorp et al., 2004; Sledge et al., 2016; 

Kiupel et al., 2019). However, about 10-21% of the dogs develop multiple primary 

cMCT rather than solitary lesions (Seguin et al., 2001; Murphy et al., 2006; 

Thamm et al., 2007). Solitary cMCT with satellite lesions around the primary 
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tumor can also be found (Blackwood et al., 2012). 

The gross appearance of cMCT can be correlated with histological grade 

and aggressiveness. While rapid growing, ulcerated, pruritic lesions with small 

satellite lesions are usually poorly differentiated while slow-growing hairless 

solitary cMCTs are frequently well-differentiated (Blackwood et al., 2012). 

However, a non-aggressive gross appearance should not be used alone to 

assume the tumor has a benign biological behavior (Blackwood et al., 2012). 

Signs of aggressive clinical behavior include: (1) the rapid growth of the 

tumor; (2) local inflammation and hyperemia; (3) poorly delimitated borders and 

local infiltration; (4) ulceration; (5) satellite lesions; (6) signs of paraneoplastic 

syndrome; (7) and tumor spreading to LNs or visceral organs (London et al., 

2003; Misdorp et al., 2004; Mullins et al., 2006; Weiss et al., 2006; Thamm et al., 

2007; Sledge et al., 2016; Kiupel et al., 2019). 

The anatomical location of the cMCT is also associated with variable 

clinical behavior and is considered an important clinical prognostic factor. Head 

and neck, inguinal, scrotum, digit, and axillar cMCT are usually more aggressive 

than those located at other sites (Misdorp et al., 2004; Blackwood et al., 2012; 

Smiech et al., 2018). MCT located in the inguinal or mucocutaneous regions has 

been associated with a worse prognosis (Cahalane et al., 2004; Sfiligoi et al., 

2005). Similarly, visceral forms of MCT also have a poor prognosis (Iwata et al., 

2000; Takahashi et al., 2000; Ozaki et al., 2002; Marconato et al., 2008). 

 

2.1.2 Paraneoplastic Syndrome  

The release of bioactive substances, such as histamine, heparin, and 

proteases, from the mast cell’s granules, is the main cause of paraneoplastic 

syndromes seen on cMCT (O’keef, 1990; London et al., 2003; Mullins et al., 2006; 

Thamm et al., 2007). These substances cause pruritus, edema, bruising, 

ulceration, and swelling of the tumor site (London et al., 2003; Misdorp et al., 

2004; Sledge et al., 2016; Kiupel et al., 2019). Mast cell degranulation during 

manipulation of a cMCT can cause the so-called Darier’s sign, characterized by 

local edema, erythema, and itching of the lesion (London et al., 2003; Misdorp et 

al., 2004; Blackwood et al., 2012; Sledge et al., 2016; Kiupel et al., 2019). 

Frequent cycles of increase and decrease in tumor size can also occur 

(Blackwood et al., 2012). Dogs with cMCT may experience delayed wound 
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healing and abnormalities in coagulation when submitted to surgical resection 

(Blackwood et al., 2012). However, a recent controlled study found no increased 

risk for incisional complications after cMCT resection in comparison to soft tissue 

sarcomas (Iodence et al., 2021).  

Systemically, gastrointestinal signs associated with gastric ulceration are 

often found due to histamine stimulation of H2 receptor (Fox et al., 1990; London 

et al., 2003; Misdorp et al., 2004; Sledge et al., 2016; Kiupel et al., 2019). 

Vomiting, gastrointestinal hemorrhage, anorexia, and abdominal pain are 

frequent findings. Iron deficiency anemia and peritonitis can also occur. Dogs with 

extensive disease are at an increased risk for a massive release of histamine 

from cMCT cells causing acute collapse and anaphylactic reaction (Blackwood et 

al., 2012). 

The use of gastroprotectants such as omeprazole (1mg/kg once daily), 

ranitidine (2mg/kg twice daily), or famotidine (1mg/kg once daily) is usually 

prescribed to control the gastrointestinal signs from MCT histamine release 

(Stirborova et al., 2019). Diphenhydramine (2-4 mg/kg two to three times daily) 

or other H1-blocker are useful in preventing local and systemic allergic-like 

reactions caused by mast cell degranulation (Blackwood et al., 2012; Garret et 

al., 2014) 

 

2.1.3 Diagnosis and Staging 

Despite the suggestive clinical signs of cMCT, they may not be detected 

and, otherwise, cMCT is grossly like any other skin lesion (Blackwood et al., 2012; 

Willmann et al., 2021). For this reason, fine needle aspirate biopsy is indicated 

as a triage for cMCT suspected lesions. Cytology can diagnose MCT in about 92-

96% of the cases (Baker-Gabb et al., 2003). Mast cells easily exfoliate from the 

tumor and can be readily identified on routine staining due to their 

intracytoplasmic granules (Blackwood et al., 2012). Poorly differentiated MCT 

can lack granules which can difficult making a diagnosis by routine cytology. 

However, cytology grading systems for cMCT usually over- or underdiagnose 

high-grade MCT (Camus et al., 2016; Scarpa et al., 2016). Thus, an adequate 

determination of biological behavior requires additional data from histological 

examination and the grade associated with the clinical staging (London et al., 

2003; Misdorp et al., 2004; Sledge et al., 2016; Kiupel et al., 2019). Histology is 
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also required to differentiate cutaneous and subcutaneous MCT (London et al., 

2003; Misdorp et al., 2004; Sledge et al., 2016; Kiupel et al., 2019). 

Histology from an incisional or excisional biopsy is the mainstay method 

for diagnosis and grading of cMCT (Patnaik et al., 1984; Northrup et al., 2005; 

Northrup et al., 2005b; Kiupel et al., 2011; Blackwood et al., 2012; Stefanello et 

al., 2015). Preoperative incisional biopsy is useful for planning a definitive surgical 

approach, however, carries an increased risk of wound dehiscence and mast cell 

degranulation (Blackwood et al., 2012). On the other hand, excisional biopsies 

are only indicated if there is preoperative cytology confirming MCT and the tumor 

is amenable for wide surgical resection (Blackwood et al., 2012). The excision of 

a cMCT without wide margins may jeopardize further treatments and decrease 

the chances of cure (Blackwood et al., 2012). 

Prednisone is commonly used before surgery to provide cytoreduction 

and decrease tumor volume, however, there is a concern that it may affect the 

histological features of a preoperative incisional biopsy. According to a recent 

blinded randomized placebo-controlled trial with 28 dogs, no significant difference 

was found in naïve histological samples and prednisone-treated samples 

regarding mitotic count, atypia, and tumor grade (Linde et al., 2021). 

cMCT staging determines the extent of cancer spread and is critical to 

predict prognosis and guide the decision-making of both medical and surgical 

treatment. The World Health Organization (WHO) clinical staging system for 

cMCT (Table 1) in dogs (Owen et al., 1980) has been used so far, but it does not 

correlate well with prognosis, reason why it is not routinely used (London et al., 

2003; Murphy et al., 2006; Dobson et al., 2007; Horta et al., 2018). MCT often 

metastasizes to locoregional LNs, liver, spleen, bone marrow, or even skin, but 

rarely to the lungs (Blackwood et al., 2012). Minimal cMCT staging should include 

LN examination and abdominal ultrasound (Blackwood et al., 2012). Full staging 

is recommended when extensive treatment is planned, when dealing with poorly 

differentiated cMCT, and in cases of nodal metastasis (Blackwood et al., 2012). 

Full staging should include a complete clinical examination, complete blood 

count, serum biochemistry, regional lymph node (RLN) examination, lung 

radiography, and abdominal ultrasound with or without spleen/liver aspiration 

(Patnaik et al., 1984; Finora et al., 2006; Book et al., 2011; Kiupel et al., 2011; 

Stephanello et al., 2015). Bone marrow aspiration is not usually beneficial as 
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most cMCT does not have bone marrow infiltration, however, if major blood 

abnormalities or visceral lesions occur, cytology and histology may be 

recommended (Valent et al., 2001; Thamm et al., 2007; Marconato et al., 2008; 

Cartagena-Albertus et al., 2019). 

It is important to note that all current staging systems are suitable for 

cMCT only and are not established for other sites MCT (Allan et al., 1974; Owen 

et al., 1980; Patnaik et al., 1984; Hikasa et al., 2000; Iwata et al., 2000; Takahashi 

et al., 2000; Newman et al., 2007; Krick et al., 2009; Matsuda et al., 2009; Kiupel 

et al., 2011; Thompson et al., 2011;  Thompson et al., 2011b; Willard et al., 2012; 

Shekell et al., 2018; Cartagena-Albertus et al., 2019). 

 

Table 1. World Health Organization system for clinical staging of cutaneous 
mast cell tumor in dogs (Owen et al., 1980). 

Stage Description 

0 

One tumor incompletely excised from the dermis, identified 
histologically, without regional lymph node involvement. 

a. Without systemic signs 
b. With systemic signs 

I 

One tumor confined to the dermis without regional lymph node 
involvement 

a. Without systemic signs 
b. With systemic signs 

II 

One tumor confined to the dermis with regional lymph node 
involvement 

a. Without systemic signs 
b. With systemic signs 

III 

Multiple dermal tumors; large infiltrating tumors with or without lymph 
node involvement 

a. Without systemic signs 
b. With systemic signs 

IV 
Any tumor with distant metastasis, including involvement of blood and 
bone marrow 

 

Skin MCT usually spread progressively, initially to the RLNs (stage 2) and 

then to the spleen and liver (stage 3) and, less commonly to other organs, such 

as kidney, heart, and bone marrow (stage 4) (Marconato et al., 2008; Valent et 

al., 2017; Cartagena-Albertus et al., 2019). Metastases in the lungs are 

exceedingly rare (Marconato et al., 2008; Valent et al., 2017; Cartagena-Albertus 

et al., 2019). Subcutaneous MCTs are rarely metastatic with a reported rate of 

only 4% (Thompson et al., 2011).  
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A recent consensus statement concluded that full staging of low-grade 

cMCT is not indicated after surgical resection due to the benign biological 

behavior (Willmann et al., 2021). However, organomegaly and signs of metastatic 

disease are indications that full staging should be performed. On the other hand, 

SLNs examined is recommended regardless of the grade (Willmann et al., 2021). 

 

2.1.4 Lymph Node Metastasis   

LN metastasis is a well-established predictor of negative prognosis in 

canine cMCT (Cahalane et al., 2004; Murphy et al., 2006; Thamm et al., 2006; 

Hayes et al., 2007; Krick et al., 2009; Hillman et al., 2010; Hume et al., 2011; 

Blackwood et al., 2012; Warland et al., 2014). The diagnosis of locoregional 

metastasis puts the dog at a higher risk for distant metastasis and often requires 

adjuvant chemotherapy despite the histological grade or other prognostic factors 

(Warland et al., 2014). A study found that dogs bearing LN metastasis had a 

median survival time of 0.8 years against 6.2 years for those without locoregional 

metastasis (Krick et al., 2009). For this reason, early detection of node metastasis 

at the time of diagnosis is crucial to establishing the correct treatment and 

prognostication (Ferrari et al., 2018; Lapsley et al., 2020). Recently, a study 

evaluating lymphadenectomy in low-grade canine cMCTs found that not 

performing immediate prophylactic lymphadenectomy was associated with a 

higher risk for disease progression but did not improved survival time (Sabattini, 

2021). In a retrospective study evaluating dogs with cMCT and non-palpable or 

normal-sized LNs, the authors found 65% of pre-metastatic or metastatic 

locoregional disease (Ferrari et al., 2018). A case series found 12 out of 19 dogs 

with metastatic SLN using a combination of preoperative and intraoperative 

lymphoscintigraphy with methylene blue dyeing (Worley et al., 2014). 

About 24% of normal dogs exhibit a low number of normal mast cells on 

LN cytology which may cause false-positive results (Bookbinder et al., 1992). 

Cytology often cannot tell morphological normal or reactive mast cells from 

neoplastic ones, which can impair its use in detecting cMCT LN metastasis 

(Blackwood et al., 2012). In general, cytologic examination of the LN has a limited 

value for cMCT (McManus et al., 1992). 

 Based on LN and extracutaneous organs status, cMCT can be classified 

as either localized, regional metastatic, and/or distant metastatic (Willmann et al., 
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2021). A localized cMCT is that confined to the dermis and subcutis without LN 

or extracutaneous involvement and no signs of mast cell leukemia; regional 

metastatic cMCTs are those with regional or SLN metastasis, while distant 

metastatic cMCT has extracutaneous involvement (Willmann et al., 2021). 

 

2.1.5 Surgical Treatment 

Treating cMCT depends on several clinical characteristics, disease stage, 

and histological grade. Surgical resection of primary cMCT is the standard of care 

treatment in dogs (Weisse et al., 2002; Govier et al., 2003). Localized and 

nonmetastatic cMCT are the main indications for surgery (Weisse et al., 2002; 

Govier et al., 2003). Wide surgical resection with lateral margins of 1 to 3 cm and 

one fascial plane deep to the tumor are recommended to achieve complete 

resection (Thamm et al., 2001; London et al., 2003; Seguin et al., 2001; Govier 

et al., 2003; Simpson et al., 2004; Fulcher et al., 2006; Thamm et al., 2007). The 

choice of surgical margin wideness is based on the histological grade of the 

tumor. For most grade, I and II cMCT a lateral margin of 2 cm and a deep fascial 

plane is adequate (Seguin et al., 2001; Simpson et al., 2004; Fulcher et al., 2006). 

However, lateral margins proportional to the tumor size were also described as a 

good option for local control of small low-grade tumors (Fulcher et al., 2006). 

Panniculus muscle, underlying fascia, and the superficial muscular layer are 

adequate planes for deep margins if they were not affected by tumor invasion 

(Murphy et al., 2004; Simpson et al., 2004; Fulcher et al., 2006). 

It is important to note that the abovementioned margin recommendation 

was not evaluated for tumors larger than 4 cm diameter, and may not be 

adequate for large cMCT(Blackwood et al., 2012). Wide resection of grade III 

cMCT, requires a 3 cm plus one deep fascial plane margin, but systemic adjuvant 

treatment is recommended regardless of margin status (Thamm et al., 2007). 

Nonresectable tumors or those in difficult locations may receive neo-

adjunctive chemotherapy or prednisolone therapy to obtain cytoreduction and 

make the tumor amenable to surgery (Stanclift et al., 2008). Incomplete or 

marginal resection is usually preferred over radical procedure when complete 

excision is impossible but must be followed by adjuvant radiotherapy (AlSarraf et 

al., 1996; Frimberger et al., 1997; LaDue et al., 1998; Poirier et al., 2006; Welle 

et al., 2008).  
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Surgical specimens should be submitted for histological evaluation of 

tumors and margins. Margin statuses are defined as: (1) complete resection when 

no tumor cells could be found within 1mm of the surgical borders; (2) complete 

but close (or narrow) when mast cells are seen within 1mm of the surgical 

margins; or (3) incomplete resection when there is sheets or clusters of malignant 

mast cells at the margin (Stanclift et al., 2008; Blackwood et al., 2012). The 

definition of completely resected and incompletely resected is not straightforward 

(Karbe et al., 2021). The current definition of narrow margins is widely variable 

from >1mm to 9mm (Thamm et al., 2009; Seguin et al., 2001; Weisse et al., 2002; 

Gieger et al., 2005; Fulcher et al., 2006; Seguin et al., 2006; Scarpa et al., 2012). 

Nonetheless, the presence of sparse mast cells on the periphery of the resected 

margin is a confounding factor as it is hard to tell whether they are normal tissue 

residents or malignant mast cells (Misdorp et al., 1987; McManus et al., 1999; 

Murphy et al., 2004; Fulcher et al., 2006; Marconato et al., 2008). The clinical 

significance of close or narrow margins remains unknown and discussion of 

whether it should be considered complete resection remains in debate with some 

authors suggesting the use of a residual tumor classification scheme (Seguin et 

al., 2006; Liptak, 2020; 50,51 – Table 2). 

 

Table 2. The residual tumor classification system (adapted from Liptak 2020). 
HTFM = Histologic Tumor-Free Margin. 

Status Description 

RX Residual tumor presence unassessed or unknown 
R0 No residual tumor 
 Complete histologic excision (HTFM >0mm) 
R1 Microscopic residual tumor 
 Incomplete histological excision 
 Satellite tumor cells distant to the tumor 
 Lymphatic, venous, or perineural invasion 
 Lymph node or microscopic distant metastasis 
R2 Macroscopic residual tumor 
 Gross residual disease 
 Macroscopic distant metastasis 

 

 Incompletely resected tumors and local recurrence are negative 

prognostic factors (Thamm et al., 1999; Chaffin et al., 2002; Scarpa et al., 2012; 

Kry et al., 2014). When incompletely resected, about 18 to 38% of the cMCT 

recurs (5-9); while the rate of recurrence for completely excided cMCT was only 
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3 to 11% (Seguin et al., 2001; Michels et al., 2002; Weisse et al., 2002; Murphy 

et al., 2004). Incompletely resected cMCT often requires additional local 

treatment, mostly scar resection, to achieve a disease-free status (Kry et al., 

2014; Karbe et al., 2021). High-grade tumors are significantly more prone to local 

recurrence when compared to low-grade tumors (Donnelly et al., 2015). A study 

found no recurrence in grade II cMCT with narrow histologic margins (Seguin et 

al., 2006). Remains unclear whether narrowly excised grade II requires additional 

therapy (Seguin et al., 2006). 

A recent study evaluating incompletely resected cMCT submitted to scar 

revision surgery had only 4% of recurrence (Karbe et a., 2021). Previous studies 

found a 13% rate of recurrence (Kry et al., 2014) Also, dogs with incompletely 

excised cMCT submitted to scar revision lived longer than those without 

additional local therapy (Kry et al., 2014). 

 

2.1.6 Histological Grade and Prognosis  

Risk factors for disease progression, recurrence, and survival time 

include tumor grade, size, location, and surgical margin status (Patnaik et al., 

1984; Turrel et al., 1988; Hahn et al., 2004; Seguin et al., 2006). However, the 

histological grade is the single most important prognostic factor for cMCT 

(Blackwood et al., 2012). Two systems are currently used to histologically grade 

cMCT: The three-tier Patnaik system (Patnaik et al., 1984; Table 2) and the two-

tier Kiupel system (Kiupel et al., 2011). The Patnaik system differentiates in grade 

I (well-differentiated), II (intermediately-differentiated), and III (poorly-

differentiated) cMCT according to cellularity, cell morphology and pleomorphism, 

mitotic index, and the reaction of the stroma to the degree of tissue infiltration, 

cell pleomorphism, (Patnaik et al., 1984) 

Grade I cMCT is usually of benign behavior, growing slowly and 

persisting for years without increasing in size (Blackwood et al., 2012). Dogs are 

unlikely to die from grade I cMCT and metastasis occurs in less than 10% of the 

cases (Blackwood et al., 2012). On the other hand, grade III cMCT exhibit an 

aggressive clinical and biological behavior, growing fast, and a high rate of both 

metastasis (80%) and recurrence is reported (Welle et al., 2008; Blackwood et 

al., 2012). Grade II cMCT had a wide variable prognosis and behavior, with only 

5-22% metastasizing (Séguin et al., 2001; Weisse et al., 2002; Séguin et al., 
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2006; Blackwood et al., 2012). However, a subset of 17 to 56% of grade II dies 

of cMCT-related causes, such as local recurrence and metastatic dissemination 

(Blackwood et al., 2012). Other prognostic factors are necessary to indicate 

whether a grade II cMCT belongs to the high or low aggressive population of 

patients (Blackwood et al., 2012). 

In the context of the variable and often unpredictable behavior of grade 

II cMCT along with the subjective histological criteria causing disagreement 

among pathologists analysis in 64-75% of the cases (Northrup et al., 2005; Kiupel 

et al., 2011), the Kiupel grading system emerged as an alternative (Kiupel et al., 

2011). The two-tier grading system established that high-grade cMCT must have 

one of four criteria: (1) at least 7 mitotic figures in 10 high-power fields; (2) at least 

3 multinucleated (3 or more nuclei) cells in 10 high-power fields; (3) at least 3 

bizarre nuclei in 10 high-power fields; (4) karyomegaly (nuclear diameter at least 

two-fold in at least 10% of the neoplastic mast cells). Using Kiupel’s grading 

system, all tumors that do not meet at least one of the abovementioned criteria 

are considered low-grade (Kiupel et al., 2011). 

Kiupel high-grade cMCT had a shorter time to metastasis, a higher rate 

of new tumor formation, and a shorter survival time (Kiupel et al., 2011). However, 

about 15% of low-grade MCT still exhibit aggressive biological behavior (Kiupel 

et al., 2011; Stefanello et al., 2015). Both Patnaik and Kiupel grading systems are 

currently used for the prognostication of cMCT in dogs (Willmann et al., 2021). 

Nevertheless, there was a subset of patients in high-grade cMCT that 

exhibit a better outcome. A study evaluating 49 dogs with stage I high-grade 

cMCT was evaluated after surgical excision and those with a smaller tumor 

diameter and lower mitotic count had a longer survival time. The median survival 

time was 1046 days with a 1-year survival of 79.3% and 2-year survival of 72.9% 

(Moore et al., 2020).  

Immunohistochemical markers can aid in determining the behavior and 

prognostic of cMCT in complement to histological grade. The proliferative rate 

measured by the proliferative markers Ki67 and AgNOR is indicative of cMCT 

biological behavior, such as the likelihood of recurrence (Abadie et al., 1999; 

Scase et al., 2006; Webster et al., 2007; Vascellari et al., 2013; Willmann et al., 

2021). Low-grade cMCT with a low Ki67/AgNOR proliferative index has a low 

recurrence rate even when incompletely resected (Séguin et al., 2006; Smith et 
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al., 2017).  

The KIT expression (CD117) and mutational status are also prognoses 

(Willmann et al., 2021). KIT labeling pattern correlates with recurrence and 

survival of cMCT (Kiupel et al., 2004; Preziosi et al., 2004). The full KIT gene 

sequence is not routinely performed in a clinical setting, however, a clinically 

relevant mutation known to be recurrent in MCT (such, as in exons 8, 9, and 11) 

is recommended (Hahn et al., 2008; London et al., 2009; Hadzijusufovic et al., 

2012; Marconato et al., 2014; Weishaar et al., 2018). The detection of 

phosphorylated KIT by immunohistochemical assay is associated with a shorter 

progression-free interval and overall survival time in dogs with cMCT (Thamm et 

al., 2020). Finally, the detection of c-Kit mutation seems to be more useful for 

identifying histological low-grade but biologically aggressive cMCT, while c-Kit 

expression is better to predict tumor with increased risk for disease progression 

(Thamm et al., 2019). 

 

2.1.7 Adjuvant Chemotherapy 

The decision to pursue adjuvant treatment after resection of the primary 

cMCT is usually based on margin status, histological grade, and presence of 

residual or gross disease: (1) Completely excised grade I and II cMCT without 

metastatic disease may be monitored only; while in the presence of metastasis 

adjuvant treatment is recommended; (2) Incompletely resected grade I and II 

without gross residue disease may be submitted to en bloc scar revision, adjuvant 

therapy or be monitored for recurrence. In the presence of gross disease, the 

patient must receive adjuvant treatment; (3) Grade I and II with nodal metastasis 

should receive adjuvant therapy such as radiotherapy or chemotherapy; and (4) 

Grade III cMCT must receive adjuvant chemotherapy regardless of margin or 

nodal status (Blackwood et al., 2012).  

Chemotherapy is commonly used in dogs bearing cMCT when systemic 

therapy is necessary to treat, delay or prevent metastatic dissemination, such as 

in high-grade tumors, node metastasis, or to treat residual microscopic disease 

following surgery (Bostock et al., 1973; Patnaik et al., 1984; Bostock et al., 1989; 

Thamm et al., 2006; Blackwood et al., 2012). Chemotherapy may also be used 

in a neo-adjunctive setting before primary treatment for down-stage disease and 

improve the likelihood of adequate excision or to turn it safer to remove the tumor 
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(Blackwood et al., 2012). 

Chemotherapy protocols for cMCT often include vinblastine and/or 

lomustine associated with prednisone or prednisolone (Blackwood et al., 2012; 

Néčová et al., 2021). Vinblastine is more often applied as first-line therapy while 

lomustine is frequently used as second-line treatment (Blackwood et al., 2012). 

Corticosteroids as a single agent have an effect against cMCT however, only 

20% of the dogs exhibit complete or partial response (McCaw et al., 1994). 

The vinblastine protocol usually consists of weekly administration of 

2mg/m² for four treatments and then fortnightly for four more treatments (Thamm 

et al., 1999). Gradual dose escalation of vinblastine to 2.5mg/m² is also described 

(Serra Varela et al., 2016; Stirborova et al., 2019). Prednisone or prednisolone is 

given orally daily basis for the first two weeks in a 2mg/kg dose and then at 

1mg/kg every other day for the remaining 10 weeks of the protocol. 

Corticosteroids should be discontinued thereafter (Stirborova et al., 2019). 

Side effects of vinblastine protocols are reported to occur in 6 to 46% of 

the patients. Neutropenia is the most common side effect and occurs in about 20-

23% of patients (Davies et al., 2004; Thamm et al., 2006; Hayes et al., 2007; 

Blackwood et al., 2012; Serra Varela et al., 2016; Stirborova et al., 2019). 

Vinblastine has been associated with radiotherapy for local control without a 

significant increase in adverse events (Stirborova et al., 2019). 

The prednisone-vinblastine protocol showed a median response duration 

of 154 days and a median survival time of 331 days for grade III cMCT (Thamm 

et al., 1999). In an adjuvant scenario of high-grade cMCT, vinblastine plus 

prednisone resulted in a median survival time of 1374 days with 70% and 58% of 

1-year and 2-year survival rates (Thamm et al., 2006). 

Lomustine, also known as CCNU, is an alkylating agent and well-

tolerated oral chemotherapy (London, 2020). The usual dose of lomustine is 

90mg/m², however, dose reduction to 80 or 70mg/m² may be necessary if severe 

adverse events occur (Hay et al., 2019). 

Most side effects of lomustine are related to dose-limiting 

myelosuppression, acute neutropenia, thrombocytopenia, and hepatic 

dysfunction (Hay et al., 2019; London, 2020). Neutropenia and elevated ALT is 

the predominant laboratorial abnormality found in animals submitted to lomustine 

treatment. Neutropenia occurred in 67% of the dogs with a median dose of 
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70mg/m², but no hospitalization was required (Hay et al., 2019). Liver toxicity with 

lomustine has been reported in 6.1% of the dogs treated, but the median time to 

hepatotoxicity was 11 weeks after the last lomustine administration (Kristal et al., 

2004). 

A study evaluating completely excised high-grade cMCT treated with 

lomustine found a median overall survival time of 904 days with a 1-year and 2-

year survival rate of 60 and 40%, respectively (Hay et al., 2019). Other studies 

reported a median time to progression of only 77 days with single-agent lomustine 

(Rassnick et al., 1999). A combination of lomustine, vinblastine, and prednisolone 

provided only 141 days of median progression-free interval (Rassnick et al., 

2010). 

Prednisone as a single-agent neoadjuvant therapy demonstrated 

significative effect on decreasing tumor size in a randomized blinded placebo-

controlled trial with 28 dogs (Linde et al., 2021). Other studies also found a 

reduction in tumor size with the use of glucocorticoids (McCaw et al., 1994; 

Standclift et al., 2008; Teng et al., 2012). This therapy is often administered to 

reduce peritumoral edema and downstage local disease to improve the likelihood 

of complete tumor resection (Linde et al., 2021). The decrease in tumor size is 

often quite short and does not typically last for more than a few weeks (Standclift 

et al., 2008;). A median of 81% reduction in 87% of grade II cMCT patients was 

reported (Standclift et al., 2008;). 

Doses of 1 and 2.2 mg/kg of prednisone are sufficient to achieve a 

significant reduction in tumor volume, however, 1mg/kg is preferred due to the 

lower side effects of corticoid therapy (Standclift et al., 2008; Linde et al., 2021). 

Concerning treatment duration, effects on tumor size can be seen as early as 7 

days, however, 70% of the response was reported within 9 days, and maximum 

tumor reduction was achieved within 21 days (Standclift et al., 2008; Teng et al., 

2012; Linde et al., 2021). In summary, when aiming for cytoreduction, 1mg/kg of 

prednisone is usually recommended for 7 to 14 days before definitive surgical 

resection (Linde et al., 2021). 

The suppression of MCT proliferation and response to treatment 

depends on the expression of glucocorticoid receptors by tumoral cells (Matsuda 

et al., 2011). Poorly differentiated or high-grade cMCT are less responsive to 

corticoid treatment (Takahashi et al., 1997). 
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2.1.8 Tyrosine Kinase Inhibitors 

Tyrosine kinase inhibitors are inhibitors of small molecules that act by 

competitive inhibition of ATP binding, targeting and blocking the activity of 

tyrosine kinase cell-surface receptors (London et al., 2009). These receptors are 

present in normal cells and have a critical role in cell growth, differentiation, and 

proliferation, but in cancer cells the tyrosine kinase receptors are dysfunctional 

(London et al., 2009). Among the tyrosine kinase receptors, the most cited is the 

KIT (encoded by c-KIT proto-oncogene) (Webster et al., 2006). C-KIT mutation 

is present in about 15% of the cMCT, but prevalence increases to 30 to 50% in 

high-grade tumors (Downing et al., 2002). Interestingly, c-Kit mutation status 

cannot predict response to toceranib phosphate therapy in cMCT (Weishaar et 

al., 2018). 

Tyrosine kinase inhibitors can also be used alone or associated with 

chemotherapy or radiotherapy in the treatment of cMCT (London et al., 2009; 

Blackwood et al., 2012; Todd et al., 2021;). Toceranib phosphate, masitinib 

mesylate, and imatinib have shown effective in treating canine cMCT (London et 

al., 2009; Grant et al., 2016; Todd et al., 2021). The toceranib phosphate was the 

first tyrosine kinase inhibitor to be studied for veterinary cMCT (London et al., 

2009). The overall response rate of toceranib for treatment of cMCT is 42% with 

a median progression-free time of 18.1 weeks (London et al., 2009).  

Toceranib can either be used as a single-agent treatment or in 

combination with other chemotherapy, such as vinblastine (Todd et al., 2021). 

Despite neutropenia being a dose-limiting toxicity in this combining protocol, the 

response rate of 71 to 90% has been described with a median survival time of 

893 and 218 when in an adjuvant or gross disease scenario (Robat et al., 2011; 

Olsen et al., 2018). Another study found 310 days and 375 days for either 

progression-free interval and overall survival, respectively (Todd et al., 2021). 

The association of toceranib and lomustine is contraindicated due to severe 

adverse events that lead to the premature interruption of a clinical trial (Bavcar et 

al., 2017).  

The dose of toceranib phosphate is widely variable in the literature. While 

the initial studies suggest an effective dose of 3.25 mg/kg every other day 

(London et al., 2009), further studies found that reducing the dose to 2.2-2.9 
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mg/kg every other day or allowing 1 or 2 weeks of drug interruption is equally 

effective and well tolerated (Bernabe et al., 2013).  

Masitinib is also a potent tyrosine kinase inhibitor that also targets PDGF 

receptor, lyn, and FGF receptor 3 (Lyles et al., 2012). The first studies of Masitinib 

evaluated dogs with non-metastatic, recurrent, or nonresectable cMCT and found 

an improved progression-free time (118 vs 75 days), increased survival rates (1-

year 62.1% vs 36%, and 2-years 39.8% vs 15%) (Hahn et al., 2008). An overall 

response rate of 50% and a median survival time of the dogs that respond to 

treatment of 630 was reported (Smrkovski et al., 2013). More recently, an 82% 

clinical response rate was reported with masitinib achieving complete remission 

in 38.5% and partial response in 43.6% of the dogs. The median time to 

progression was only 79 days, and 64% of the dogs experienced adverse effects, 

being vomiting and elevation on serum ALT the most reported (Grant et al., 2016). 

Imatinib mesylate is also a tyrosine kinase inhibitor with antineoplastic 

effect due to its inhibition of ATP binding, phosphorylation, and downstream 

signal transduction pathways inhibiting cell growth (Isotani et al., 2008; Dubreuil 

et al., 2009). Dogs are usually treated with 10mg/kg once daily of Imatinib for 8 

weeks (Macedo et al., 2022). Complete remission, partial response, and stable 

disease were reported to occur in 7.7%, 23.1 and 38.5% of the cMCT patients 

treated with imatinib a significant difference when compared to 

vinblastine/prednisone (Macedo et al., 2022).  

 

2.2. Canine Lymphatic System and Lymph Nodes 

The lymphatic system is a highly specialized drainage system present in 

every organ and tissue with a blood supply. It is composed of collecting lymphatic 

vessels, LNs, and lymphoid organs (Fujimoto et al., 2021). The spleen, thymus, 

bone marrow, and mucosa-associated lymphoid tissue such as the tonsils and 

Peyer’s patches are also part of the lymphatic system (Bezuidenhout, 2013).  

The key role of the lymphatic system is the physiologic major drainage 

system that allows the return of interstitial fluid back to the systemic circulation 

through the lymph. The lymph carries not only water, but immune cells, cellular 

debris, proteins, pathogens, and toxins (Oliver et al., 2004; Moore et al., 2018). 

Along with the vascular system, these functions are essential to maintaining fluid 
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homeostasis and eliminating potentially harmful substances (Moore et al., 2018; 

Oliver et al., 2020; Petrova et al., 2020). The lymph is also responsible for 

transporting antigens and dendritic cells from the peripheral tissues to LNs and 

then to the systemic circulation via the thoracic duct (Oliver et al., 2020; Petrova 

et al., 2020; Figure 1). Antigen and antigen-presenting cells are exposed to naïve 

lymphocytes at the LNs triggering adaptive immune responses (Kitagawa et al., 

2002; Loo et al., 2017).  

Each anatomical region of the dog has a dedicated lymphatic draining 

system that flows out to chain arranged LNs (Suami et al., 2013; Greene et al., 

2003). The lymphatic system is wide variable according to body organs in 

humans and internal viscera lymphatic drainage is far more complex than skin 

and breast drainage (Leong et al., 2022). 

 
Figure 1. The lymphatic system and its interaction with the systemic circulation. 
The initial lymphatic vessels (LV) are responsible for uptaking fluids and other 
particles from the peripheral tissues and transporting them through the collecting 
LV to the lymph nodes and to the thoracic duct that debouches to the venous 
circulation at the vena cava. (Adapted from Fujimoto et al., 2021) 
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2.2.1 Lymph Vessels 

 Different from the blood vessels, which are composed of a basal 

membrane, pericytes, endothelial cells, and large vessels also have smooth 

muscle cells (Tucker et al., 2020), the lymphatic vessels are simpler, consisting 

of a single layer of endothelial cells without a basement membrane, pericytes or 

smooth muscle cells. The lymphatic vessels suffer anatomical adaptations 

according to the tasks it develops (Petrova et al., 2018).  

The lymphatic vessels begin at the periphery of the tissues as blind-ended 

capillaries that once progress merging to form large vessels. The early type is 

called initial lymphatic vessels and the latter collecting lymphatic vessels (Forster 

et al., 2012). Moreover, lymphatic vessels that are traveling toward a LN are 

called afferent lymphatic vessels, and those coursing away from the LN are 

termed efferent lymphatic vessels. 

Initial lymphatic vessels are blind-ended structures that uptake interstitial 

fluid, soluble molecules, particles, and cells of the peripheral non-lymphoid 

tissues (Fujimoto et al., 2021). The initial capillary lymphatic vessels consist of a 

single layer of leaf-shaped overlapping lymphatic endothelial cells and button-like 

junctions (Oliver et al., 2005; Baluk et al., 2007; Breslin et al., 2018; Figure 2). To 

avoid collapsing due to increased interstitial fluid pressure, these endothelial cells 

are loosely attached to a discontinuous basement membrane by anchoring 

filaments (Leak et al., 1968). The overlapping endothelial cells open in the 

presence of an increased interstitial pressure allowing the entry of fluid, other 

substances, and cells (Lutter et al., 2012). As mentioned before, these initial 

lymphatic vessels merge to form pre-collecting and intermediate vessels that 

share features of both initial and collecting vessels (Lutter et al., 2012). 

Conversely, collecting lymphatic are responsible to transport the lymph 

from the initials toward the LNs. Collecting lymphatic vessels have regular 

elongated shaped and tightly adhered endothelial cells connected by continuous 

zipper-like junctions and a continuous basement membrane (Baluk et al., 2007; 

Pflick et al., 2009; Fujimoto et al., 2021; Figure 2). These characteristics aim to 

avoid the leakage of lymph back to the interstitium (Baluk et al., 2007; Pflick et 
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al., 2009). Moreover, collecting lymphatics have smooth muscle cells that 

contract and project the lymph forward, even if it is against a pressure gradient 

(Von der Weid et al., 2004; Scallan et al., 2016; Fujimoto et al., 2021). The 

presence of intraluminal semi-lunar valves throughout the collecting vessels 

divides it into segments termed lymphangions and ensures there will be only 

unidirectional lymph flow and prevent backflow (Lauweryns et al., 1973; Breslin 

et al., 2018; Fujimoto et al., 2021). The internal diameter of a lymphatic vessel is 

about 100 microns (Breslin et al., 2018).  

Once on initial lymphatic vessels, the lymph courses through a mesh of 

afferent collecting vessels to the draining LN where it travels through a network 

of lymphatic sinuses. The lymph then leaves the LN through a single efferent 

collecting vessel that connects to secondary LNs (Fujimoto et al., 2021). Finally, 

the lymph flows according to the arterial pulse, contraction of the smooth muscle 

cells of the large collecting lymphatic vessels, and the action of surrounding 

skeletal muscles (Kawai et al., 2009). 

As initial and collecting lymphatic vessels plays distinct roles, the lymphatic 

endothelial cells are heterogeneous and exhibit various molecular phenotypes 

according to the organ and bed (Petrova et al., 2018). In humans, for example, 

the lymphatic network of the lungs, intestine, heart, and central nervous system 

exhibit specific structures and functions (Bradham et al., 1970; Bernier-Latmani 

et al., 2015; Bernier-Latmani et al., 2017; Brakenhielm et al., 2019; Reed et al., 

2019; Ma et al., 2019; Oliver et al., 2020; Petrova et al., 2020). 
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Figure 2. Types of Lymphatic Vessels. (A) The anatomical features of the initial 
lymphatic vessels. The lymphatic endothelial cells are irregular and overlap 
forming flaps that are associated with the discontinuous basement membrane 
and “button-like” junctions facilitate intravasation of fluids, molecules, and cells 
from the interstitial space. (B) The anatomical features of the collecting lymphatic 
vessels. The lymphatic endothelial cells are regular and have a continuous 
basement membrane, tight junctions, smooth muscle layer outlining, and a valve 
to allow unidirectional flow. (Adapted from Fujimoto et al., 2021). 

 

2.2.2 Lymph Nodes 

The LNs are responsible for initiating the adaptive immune response, 

continuous immunosurveillance, and propagation of immune tolerance. The LNs 

have a capsule, cortex, paracortex, and medulla (Schineis et al., 2019). The 

afferent lymphatic vessel reaches the subcapsular sinus located below the 

collagen-rich capsule forming the sinus system that surrounds the LN 

parenchyma. The subcapsular sinus is connected to cortical and medullary 

sinuses (Fujimoto et al., 2021). The LN cortex is the outer region of the LN 

parenchyma where B-cell follicles and interfollicular T-cell zones are located 

(Rezzola et al., 2022). The paracortex is located deep inside the LN parenchyma 

and harbors the T-cell zones and high endothelial venules, the gateway of T- and 

B cells entering the LN from blood circulation (Schwager et al., 2019). 
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The LNs also have a conduit system formed by extracellular matrix and 

fibroblastic reticular cells that transport low-molecular-weight macromolecules, 

antigens, and antibodies (IgM) between LN divisions (Sixt et al., 2005; Thierry et 

al., 2018; Reynoso et al., 2019). This system allows the contact of antigen-

presenting cells, tissue-derived antigens, and soluble immune mediators with 

naïve B and T lymphocytes and recirculating central memory T cells (Leon et al., 

2019). Once in contact with a cognate antigen on an antigen-presenting cell, the 

T cells become activated and then proliferate and differentiate on antigen-specific 

effector cells that ultimately will leave the LN through efferent lymphatic vessels 

(Girard et al., 2012; Qi et al., 2014; Breart et al., 2016; Benechet et al., 2016). If 

a cognate antigen cannot be found, T-cells leave the LN via efferent lymphatics 

(Girard et al., 2012; Qi et al., 2014; Breart et al., 2016; Benechet et al., 2016). 

Lymphatic endothelial cells of the LN have different properties than those 

of the peripheral lymphatic vessels (Rezzola et al., 2022). Also, lymphatics 

endothelial cells resident on the LN and lining the outer and inner layer of the 

sinuses are phenotypically different. While the first is more tightly bound to avoid 

interaction with adjacent tissues, the second is permeable to facilitate the 

emigration of leukocytes between sinuses and parenchyma (Jalkanen et al., 

2020). Five types of lymphatic endothelial cells have been described. The ceiling 

and floor lymphatic endothelial cells form the subcapsular sinus. These 

endothelial cells express chemokine receptors to guide the migration of dendritic 

cells across the subcapsular sinus and to enter the LN parenchyma (Ulvmar et 

al., 2014). The floor lymphatic endothelial cells also harbor macrophages, sinus-

resident dendritic cells, and diaphragm-like filters that capture soluble antigens 

(Gray et al., 2012; Gerner et al., 2015) and control the transport of 

macromolecules (Rantakari et al., 2015). The medullary and cortical lymphatic 

endothelial cells express both histocompatibility complex class I and II (MHC-I 

and MHC-II; Cohen et al., 2010; Fletcher et al., 2010) and programmed death-

ligand 1 (PD-L1; Fletcher et al., 2010; Tewalt et al., 2012). The expression of 

these receptors, along with evidence of deletion of CD8+ T cells, induction of 

CD4+ anergy, and induction of regulatory T cells suggest that lymphatic 

endothelial cells promote more immunotolerance reactions rather than immune-
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stimulatory reactions when in a steady-state (Tewalt et al., 2012; Rouhani et al., 

2015; Nadafi et al., 2020) 

 

2.3. The Mechanisms of Lymphatic Cancer Metastasis 

Metastatic disease is one of the major causes of cancer-related death 

(Warland et al., 2014; Elliot et al., 2016). The metastatic potential of a tumor is 

mainly determined by its genotype and phenotype (Friedl et al., 2011; Jung et al., 

2015). Once initiated, the metastatic process involves the dissemination of 

malignant cells to distant organs by intravasation, systemic circulation, evading 

immune destruction, extravasation, and finally distant site growth (Lambert et al., 

2017; Figure 3). The two major routes of metastatic spread are the 

hematogenous and lymphatic. Sarcomas usually metastasize by vascular 

invasion, while carcinomas and round cell tumors primarily infiltrate the lymphatic 

vessels and metastasize to RLNs before gaining access to the bloodstream 

(Friedl & Wolf, 2003; de Boer et al., 2010). Metastasis of primary canine 

mammary tumors to distant organs, for example, occurs mainly through lymphatic 

invasion and spread, and rarely by hematogenous dissemination (Klopfleishch et 

al., 2010; Soultani et al., 2017). In canine cMCT, the lymphatic system is the main 

initial route for metastatic spread, being the draining node the first site of 

metastatic disease (Conzo et al., 2014; Worley et al., 2014; Mendez et al., 2020).  

As the main route for immune cells and pathogens to travel from peripheric 

tissues to other body sites, the lymphatic system can also be exploited by cancer 

cells to achieve systemic dissemination (Lambert et al., 2017). In this context, the 

lymphatic system acts as a conduit to allow the cancer cell to move from the 

primary tumor microenvironment to the draining LNs, then to other RLNs, and 

posteriorly to distant viscera (Leong et al., 2022).  

Intravasation of interstitial content into lymphatic vessels is an essential 

process for immunosurveillance and fluid balance (Fujimoto et al., 2021). 

However, tumor cells also intravasate to lymph vessels to metastasize. Breaching 

through the basement membrane in an invasive growth pattern on vascularized 

tissue is required. Pre-existing vessels can be enslaved by the tumor, or new 

vessel formation can be inducted by the tumor angiogenesis and 
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lymphangiogenesis (Fujimoto et al., 2021). Cancer cells are usually just a few 

microns larger (~20 microns) than an average lymphocyte (~15 microns) making 

the internal lumen of the lymphatics suitable for cancer cell dissemination (Leong 

et al., 2022). Also, cancer lymphangiogenesis frequently results in dilated 

lymphatic vessels (He et al., 2005).  

 

 
Figure 3. Scheme of the main routes of lymphatic dissemination of metastatic 
tumor cells. The steps of lymphatic metastasis are illustrated: The primary tumor 
induces the formation of new lymphatic vessels through the lymphangiogenesis 
process (1). This process increased the area of interaction between the tumor 
cell and lymphatic endothelial cells inducing intravasation of tumor cells to 
lymphatic vessels (2 and 3). Once metastatic foci travels through the lymphatic 
vessels they can stuck at the lymphatic vessel – forming in-transit metastasis – 
or drain to the LN (5 and 6). At the lymph node, antigen-presenting dendritic cells, 
T cells, leukocytes, and lymphatic endothelial cells induce antitumor immunity 
and, conversely, immune modulation reducing antitumor immunity. At this point, 
metastasis can access the systemic circulation through the nodal blood vessels 
(8) or continue to travel via efferent lymphatic vessels (7). The subsequent 
draining lymph node can be affected by metastasis, or it can eventually get 
access to the systemic circulation. (Adapted from Rezzola et al., 2022). 

 

2.3.1 Lymphangiogenesis Process  

The tumor microenvironment is highly metabolic tissue, requiring an 

adequate blood supply to provide nutrients, waste removal, immune and stromal 

cells, and, once invaded, acts as a conduit for metastatic spread (Joyce et al., 

2009; Liotta et al., 2001; Jayson et al., 2014). To sustain this high metabolic state, 
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solid malignant tumors are known for their ability to form new blood vessels 

through angiogenesis and stimulate the formation of new tumoral lymphatic 

vessels from pre-existing ones by lymphangiogenesis (Joyce et al., 2009; 

Fujimoto et al. 2021). The latter process is a multistep sequence of activated 

lymphatic endothelial cells that proliferate and migrate in response to specific 

signaling (Rezzola et al., 2022). The extracellular matrix, cancer cells, and host-

derived cells residents of the tumor microenvironment (i.e., stromal, and immune 

cells) are responsible for the release of lymphangiogenic factors, such as 

chemokines and growth factors, that stimulates new lymphatic formation (Liotta 

et al., 2001; Joyce et al., 2009; Fujimoto et al., 2021). The vascular endothelial 

growth factor (VEGF) C, D and A stimulated both angiogenesis and 

lymphangiogenesis while angiopoietin-2, hepatocyte growth factor (HGF), and 

fibroblast growth factor (FGF) are also involved (Dieterich et al., 2016). The 

activation and inactivation of genes involved in lymphangiogenesis by 

microenvironmental signaling are also part of the complex nature of the 

metastatic process (Jung et al., 2015). 

Beyond causing an effect on the tumor microenvironment, these growth 

factors drain to the collecting lymphatic vessels and the draining LN stimulating 

preexisting lymphatic vessels and causing lymphangiogenesis (Halin et al., 

2007). The LN lymphangiogenesis can be detected on tumor-draining LN even 

before the onset of an overt metastatic niche (Hirakawa et al., 2005). In human 

cancer such as malignant melanoma and breast cancer, this pre-metastatic 

changes in the LN precede a metastatic stage as patients fatally develop a 

metastatic lesion further in the course of the disease (Qian et al., 2006; Van den 

Eynden et al., 2007; Kerjaschki et al., 2011; Olmeda et al., 2017).). These still 

incompletely understood concept is seen clinically as increased lymph flow, 

dilatated lymph vessels, and enlarged LNs (He et al., 2005; Hoshida et al. 2006; 

Proulx et al., 2010). Once the metastatic cells reaches the LN, they are 

responsible for the continuous release of stimulating growth factors that sustain 

the lymphangiogenesis process (Kerjaschki et al., 2011). 
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2.3.2 Changes in Microenvironment Lymphatic Vasculature 

Despite the ability to create new lymphatic vessels, most malignant 

epithelial tumors are also surrounded by lymphatic vessels (Jain et al., 2002). In 

the early stages of progression, the lymphatic vasculature suffers active 

modification as the lymphangiogenesis process occurs both surrounding and 

inside the tumor and causes the dilation of the lymphatic vessel lumen (Tacconi 

et al., 2015; Jalkanen et all., 2020). This lymphatic remodeling results in an 

increased flow rate and favors cancer spreading through the lymphatics (Proulx 

et al., 2010; Karnezis et al 2012; Stacker et al., 2014; Figure 4). 

As the tumor grows, the intra-tumoral interstitial pressure increases 

pushing the lymph flow towards the peritumoral lymphatic vessels and increasing 

the volume of interstitial fluid (Christiansen et al., 2011; Karaman et al., 2014). 

Most of the intratumoral vessels collapse due to the high interstitial fluid pressure 

and the pressure exerted by tumor cells, which compromises their normal 

function (Padera et al., 2002; Stanczyk et al., 2010; Olszewski et al., 2012). On 

the other hand, the peritumoral lymphatic vessels are thought to represent the 

main route for cancer cell dissemination as it does not suffer from these 

microenvironmental conditions (Cochran et al., 2004; Wong et al., 2006; Dihge et 

al., 2019). Prostaglandins released by the upregulation of COX2, VEGF 

stimulation, or secreted by lymphatic endothelial cells were associated with an 

increased capacity of peritumoral lymphatic capillaries and collecting vessels 

(Karnezis et al., 2012; Karnezis et al., 2012b; Le et al., 2016). In summary, tumor 

interstitial fluid tends to be direct to the periphery creating a gradient of pressure 

that promotes cancer cell invasion and migration toward the dilated lymphatic 

vessels (Huang et al., 2015; Cornelison et al., 2018). 
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Figure 4. Changes in the lymph node, afferent, and efferent vessels in the 
presence of a malignant tumor. (A) Normal lymphatic drainage of a peripheral 
tissue showing the normal lymph flow from the capillaries, collecting lymphatic 
vessels and the chain-organized lymph node. (B) The release of 
lymphangiogenic factors produced by cancer cells causes lymphatic vessel 
dilatation, increased lymph flow, and lymph node lymphangiogenesis from 
preexisting lymphatic vessels preparing the tissue for further metastatic spread. 
(C) Metastatic spread through the lymphatic vessels to the draining lymph node 
causing remodeling and rearrangement of efferent lymphatic vessels and further 
lymphangiogeneses in secondary lymph nodes of the basin. Systemic spread 
occurs after drainage to the thoracic duct or through direct drainage from the 
tumor or lymph node blood vessels. At the right detail, cancer stem cells forming 
a niche of cancer cells expressing specific receptors. (Source: Adapted from 
Karaman et al., 2014). 

 

2.3.3 Cancer Invasion and Lymphatic Intravasation  

The secretion of proteolytic enzymes, expression of adhesion proteins and 

chemokines, are also responsible for driving tumor cell invasion, motility on 

extracellular matrix, movement to lymphatic vessels, and intravasation (Liotta et 

al., 2001). Human studies evaluating the clinical impact of lymphatic vessels 

surrounding or inside tumors found a correlation with a poor prognosis (Stacker 

et al., 2014; Dieterich et al., 2016; Ma, 2018). Furthermore, the cancer cells 
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located at the tumor-vessel interface often exhibit an invasive behavior different 

from the rest, which contributes to gaining access to the vessel’s lumen (Fujimoto 

et al., 2021). 

 The epithelial-to-mesenchymal transition (EMT) occurs physiologically to 

allow cell mobility in wound healing and tissue repair. On the other hand, 

carcinoma cells often take advantage of this maneuver to downregulate their 

epithelial features, such as cell polarity and cell-cell binding enabling them to 

invade surrounding tissues. The vascular or lymphatic invasion often occurs on 

cell clusters of emboli rather than a single cell infiltration (Bronsert et al., 2014; 

Saxena et al., 2020; Sinha et al., 2020). In humans, the EMT is rarely completed, 

with most tumor cells being able to invade surrounding tissues with a partial EMT 

(Saxena et al., 2020; Sinha et al., 2020). Another factor influencing cancer cell 

invasion is the frequent tumor-induced remodeling of the extracellular matrix 

caused by cancer-associated fibroblasts and macrophages located in the tumor 

microenvironment (Belhabib et al., 2021; Cox et al., 2021; Ray et al., 2021). 

The following step on cancer dissemination in the vascular invasion 

through a stepwise sequence of infiltrating the perivascular region, the basement 

membrane, and the endothelial layer. Four key mechanisms are reported to 

occur: (1) Mechanical disruption of the endothelial cells; (2) Mimicry of 

leukocytes; (3) Destabilization of lymphatic junctions; (4) Formation of entry 

portals into lymphatic vessels (Fujimoto et a., 2021). 

Tumors cells can invade de lymphatic vessels by pushing growth 

disrupting the lymphatic endothelial barrier. This mechanical lymphatic invasion 

is reported to be a passive process in humans (Figure 5). The passive nature is 

explained by the mechanical stress and changes caused by the physical 

presence of the malignancy causing stretching forces on nearby cells, including 

the endothelial barrier; however, the real nature of this process remains unclear 

(Chen et al., 1999; Niimi et al., 2001; Fujimoto et al., 2021). 
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Figure 5. The mechanisms of lymphatic invasion by neoplastic cells. (A) Tumors 
progress from an in-situ stage, breaching the basement membrane, to invasive 
an invasive stage and promote lymphangiogenesis. Once in an invasive 
phenotype, the tumor get gets into the lymphatic vessels and both single cell or 
cluster infiltration. (B) Invasion of the lymphatic vessels occurs either by 
mechanical Disruption of the endothelial wall, intravasation through endothelial 
flap junction, inducing lymphatic permeability mediated by cytokine and growth 
factors, and release of chemorepulsive agents (Adapted from Fujimoto et al., 
2021). 

 

Tumor cells also mimic the signaling of normal immune cells to allow 

intravasation. In humans, tumor cells can express CCR7 a protein that promotes 

migration toward lymphatic vessels (Mashino et al., 2002; Emmett et al., 2011; 

Sperveslage et al., 2012). Furthermore, CCR7 expression has been correlated 

with lymphatic invasion and LN metastasis in several types of human cancers 

(Mashino et al., 2002; Emmett et al., 2011; Sperveslage et al., 2012). The CCR7 

expression can be triggered by TGF-β induced during EMT (Pang et al., 2016). 

The lymphatic junctions can be destabilized by signals released by tumor cells or 

the tumor microenvironment causing an increase in lymphatic permeability 

(Fujimoto et al., 2021). Several mechanisms including the expression of VCAM-

1, and VEGF-C resulting in reduced VE-cadherin expression have been 

investigated in several human cancers (Garmy-Susini et al., 2010; Dieterich et 

al., 2019; Tacconi et al., 2015; Chen et al., 2019). 

Finally, the fourth mechanism of tumor cell lymphatic intravasation is the 

formation of a large entry portal in the endothelial lining. Entire clusters of tumor 
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cells can reach the lymphatic vessel through this mechanism. These portals result 

from the tumor-derived signal that is chemorepulsive for the lymphatic endothelial 

cells. The release of the enzyme Alox15 that catalyze the production of bioactive 

lipid mediator 12(S)-HETE is proposed as the mechanism underlying the 

formation of gates on lymphatic endothelium (Keriaschki et al., 2011; Rigby et al., 

2015; Nakayama et al., 2019). 

 

2.3.4 Moving Inside the Lymphatic Vessel 

Once inside the lumen of the lymphatic vessels, the smooth muscle of the 

wall pumps the lymph towards the valves preventing the backflow and embolizing 

the cancer cells in clusters (Yancopoulos et al., 2000; Karaman et al., 2014). 

Human studies have shown that cancer causes direct changing in LN and 

lymphatic vessels. The lymphatic endothelial cells lining the LN that drain tumors 

proliferate causing expansion of sinuses (Commerford et al., 2018). In the 

presence of cancer, collecting vessels dilatated and increases the pumping rate 

improving lymph moving (Kamezis et al., 2012; Bachmann et al., 2019). However, 

circulating cancer cells are exposed to mechanical stress and biological adversity 

(Rezzola et al., 2021). 

The mechanical stress to which a cancer cell is subjected is well known in 

vascular circulation, however, the low lymph flow results in lower fluid shear 

stress (Moore et al., 2018; Follain et al., 2020). On the other hand, cancer cells 

must adapt to an inhospitable environment inside the lymphatic system due to 

the presence of a huge number of immune cells. However, the lymphatic vessels 

act actively to induce and sustain an immunosuppressive tumor 

microenvironment (Rezzola et al., 2022). The counterintuitive issue of this fact 

enters in conflict with evidence that peritumoral lymphatic vessels are responsible 

for providing active immune cells to initiate anti-immune responses and modulate 

the tumor microenvironment (Kataru et al., 2019; Song et al., 2020). Conversely, 

other studies found a negative association with lymphatic vessels as cancer cells 

can “hijack” the lymphatic system by expressing receptors to escape from the 

immune system and cause the expression of immune-inhibitory molecules 

(Rezzola et al., 2022). The upregulation of PD-L1 and other nitric oxide derivates 
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can damper CD8+ T-cell response, inhibit T-cell proliferation, and affect Treg 

differentiation (Lukacs-Kornek et al., 2011; Bordry et al., 2018; Hornyák et al., 

2018; Lane et al., 2018). The tolerogenic phenotype of the lymphatic endothelial 

cells and lymphocytes increases the risk of lymphatic colonization and further 

dissemination of cancer cells (Rezzola et al., 2022). 

 

2.3.5 “In Transit” Metastasis 

In human literature, the possibility of a cluster of cancer cells getting stuck 

on a lymphatic valve has been hypothesized (Karpanen et al., 2001). These cells 

may grow and colonize the inner wall of the lymphatic vessel and result in an “in-

transit metastasis” (Karpanen et al., 2001). This kind of metastasis develops in 

the lymphatic vessel somewhere between the primary tumor and the draining LN 

(Meier et al., 2002). This process may be regulated by a specific receptor that 

remains unclear (Leong et al., 2022). Some experimental evidence found that 

human breast cancer cells may initially get access to the lymphatic system as a 

single cell, but further aggregate forming cell clusters (Dadiani et al., 2006; 

Giampieri et al., 2009). Once a blockage of the lymphatic flow occurs, the 

stagnation favors further accumulation and growth of tumor cells at the lymph 

vessel junctions and in-transit metastasis (Luzzi et al., 1998; Alitalo et al., 2012). 

The lymphatic endothelial cells and the lymph itself can act as a protective 

microenvironment that can sustain the long-term survival of tumor cells (Meier et 

al., 2002). 

 

2.3.6 Lymph Node Pre-Metastatic Stage  

After reaching a LN, the cancer cells pass through the subcapsular sinus 

and can either gain access to the vascular system by the lymphatic-venous 

connections or bypass the node and progress to the next LN of the basin by the 

efferent lymphatic vessel (Fisher et al., 1966; Weiss et al., 1989; Weiss et al., 

1996). However, at the LN, the cancer cell can interact with the stroma to induce 

a microenvironment where cancer stem cells can colonize and form a niche and 

further progress, resist, and grow as metastasis (Li et al., 2015). Pro-

lymphangiogenic factors (i.e., VEGF family, Erythropoietin, COX-2 prostaglandin) 
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are an important mechanism of the cancer cell to induce the creation of new 

lymphatic vessels inside the LN and favor metastatic dissemination (Lee et al., 

2011; Ogawa et al., 2014; Rezzola et al., 2022).  

The systemic spread of a small number of tumor cells that cannot be 

routinely detected on screening tests is known as micrometastasis (Tuohy et al., 

2009). The presence of micrometastasis is hypothesized as one of the main 

reasons for the development of metastatic disease in individuals with previous 

negative LNs (Tuohy et al., 2009). In this scenario, the lymphatic endothelial cells 

also play a role in recruiting and maintaining cancer stem cells at the lymphatics 

(Kim et al., 2010). Genes responsible for cell division, immune modulation, and 

cell-cell and cell-matrix adhesion were found to be upregulated and altered on 

lymphatic endothelial cells when a neoplastic lymphangiogenic process is 

underway (Commerford et al., 2018).  

 

2.3.7 Immune Evasion at the Lymph Node  

 Interestingly, despite contributing to tumor progression and dissemination, 

the lymphatic system is also responsible to transport tumor antigen toward LN 

allowing activation of T-cell response (Kimura et al., 2015; Lund et al., 2016). 

However, tumors cell also induces immune tolerance at the draining LN in a 

similar fashion as occurs in the lymphatic vessels (Rezzola et al., 2022). The 

main mechanisms of immune evasion are: (1) the low antigenicity of the tumor 

cells compared to other pathogens; (2) the loss of MHC receptors avoiding being 

detected by antigen-specific cytotoxic T lymphocytes (Rezzola et al., 2022); (3) 

incapacity of activating innate immunity (Beatty et al., 2015; Spranger et al., 

2018); (4) induction of Treg or T cell dysfunction such as anergy and exhaustion; 

(5) immunosuppressive environment induced by lymphatic endothelial cells in 

non-inflammatory LN conditions (275); (6) release of immunosuppressive 

molecules (immune checkpoints) such as PD-L1 that induce Tregs and inhibit 

naïve T-cell proliferation and response against tumor cells (Niedbala et al, 2007; 

Lukacs-Kornek et al., 2011; Dieterich et al., 2017; Lane et al., 2018; Knoblich et 

al., 2018; Nadafi et al., 2020, Cousin et al., 2021). 
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2.3.8 Systemic Dissemination Following Lymphatic Metastasis  

Metastasis from the primary tumor site to the LN is not the final stage of 

the metastatic dissemination but just a step until systemic dissemination and 

further colonization. Distant metastasis is one of the most life-threatening aspects 

of cancer. This type of metastasis requires systemic dissemination of cancer cells 

from the blood circulation to organs distant from the primary tumor site. In most 

human solid tumors, the systemic dissemination through blood vessels is 

preceded by lymphatic metastasis (Rezzola et al., 2022). In summary, the LNs 

act as a source of cancer cells that give rise to distant metastasis (Rezzola et al., 

2022). 

Once at the first draining LNs, cancer cells can colonize other distal nodes 

and gain access to the bloodstream after draining to the thoracic duct or access 

directly from the node to blood vessels via the blood vasculature present at the 

LN (Brown et al., 2018; Pereira et al., 2018; Rezzola et al., 2022). The lymph-to-

blood vessel has been demonstrated in animal models and includes the passage 

of tumor cells that occurs by the invasion of node blood vessels after infiltration 

on LN parenchyma and results in systemic dissemination for the lungs without 

drainage to the thoracic duct (Brown et al., 2018). In a human melanoma study, 

about 70% of the cancer cells at a lung metastasis originated from metastatic LNs 

(Pereira et al., 2018). 

Also, metastasis can contribute to further dissemination of tumor cells as 

lymphangiogenesis also occurs at metastatic sites giving rise to intra-metastasis 

spreading (Gundem et al., 2015; Ma et al., 2018). This mechanism can explain 

why LN resection has no impact on the survival rate in some types of cancer while 

representing an important factor in terms of prognosis (Rezzola et al., 2022). In 

this scenario, the metastatic cells at the LN at the time of surgical resection are 

not the only niche of tumor dissemination throughout the body, as distant nodes, 

blood vessels, and distant organs may harbor micrometastasis that might 

become apparent later in the course of the disease (Rezzola et al., 2022).   

In humans, the presence of lymphatic vessel invasion can be detected on 

hematoxylin-eosin-stained sections, but this approach significantly 

underestimates its diagnosis. The introduction of lymphatic-specific antibodies, 
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such as anti-LYVE-1 and D2-40, allowed better detection of lymphatic invasion in 

a clinical setting (Moy et al., 2017; Fujimoto et al., 2021). Also in humans, the 

diagnosis of lymphatic vessel invasion has prognostic value in diverse types of 

cancer (Bosch et al., 2013; Pastushenko et al., 2014; Zhang et al., 2017).  

Lymphatic vessel invasion has been associated with local or locoregional 

recurrence (Borgstein et al., 1999; Merchant et al., 1999; Fujita et al., 2008; 

Matsuura et al., 2019). However, a causative association between lymphatic 

invasion and distant metastasis remains unclear in humans as at least two clinical 

trials of patients with melanoma and breast cancer found no association between 

LN metastasis and poorer prognosis (Leiter et al., 2016; Farier et al., 2017; 

Giuliano et al., 2017). The LN may function as a filter barrier to avoid tumor cells 

from entering the systemic circulation by exposing the neoplastic cells to the 

adaptive immune system (Molodtsov et al., 2021). Conversely, LN draining a 

neoplasm can seed tumor cells to distant sites using two main routes: blood 

vessels associated with the LN or the conventional efferent lymphatic vessel 

(Fujimoto et al., 2021). 

A receptive microenvironment is required to allow tumor growth at the 

metastatic site after extravasation. The “Seed and Soil” theory is the most 

accepted explanation to affirm that metastatic dissemination to viscera is not 

random (Paget et al., 1989). This theory is based on the concept that tumor cells 

act like seeds that can only establish and grow in a selected organ 

microenvironment, the soil, that is suitable to that specific cell (Greene et al., 

1965; Schackert et al., 1988). 

 

2.4. Sentinel Lymph Node Mapping 

The LN is usually the first site of metastatic spread of cMCT, the reason 

why LN evaluation possesses a highlight position on staging algorithms 

(Blackwood et al., 2012; Warland et al., 2014; Horta et al., 2018; Fournier et al., 

2020; London et al., 2020).   

The concept of SLN was first described in the early sixties in people with 

a neoplastic disease of the parotid glands (Gould et al., 1960). Further studies on 

people used different methods to detect the first LN to drain a malignancy 
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(Cabanas et al., 1977; Morton et al., 1992; Alex et al., 1993; Krag et al., 1993). 

All studies had similar results: It was very unlikely to find metastatic LNs further 

on a lymphatic chain if the first draining LN, now called sentinel, were negative. 

This concept was a milestone in surgical oncology that is currently the standard 

of care for most neoplastic diseases.  

In theory, metastasis through a lymphatic pathway is an orderly process in 

which tumor cells drain from the tumor to the first draining RLN and then progress 

to the other nodes in the lymphatic field (Zeidman & Buss, 1954; Somasundaram 

et al., 2007; Ball et al., 2010; Balasubramanian et al., 2011). This concept makes 

the first draining LN a barrier to the dissemination of tumor cells to second 

echelon LNs, the systemic circulation, and, ultimately, distant organs (Wong et 

al., 1991; Giuliano et al., 1994; Morton et al., 2005; Somasundaram et al., 2007; 

Cochran et al., 2008; Balasubramanian et al., 2011; Figure 6). 

The first LN to drain a tumor in a specific region or basin is known as the 

SLN (Figure 6). The SLN is not specific to a neoplasm germline or anatomic 

location, being highly variable among animals, tumor location, and affected 

structures (Liptak et al., 2019). 

In the concept of SLN, distant metastasis should not occur without 

evidence of SLN metastasis. Hence, because of its position in the lymphatic 

draining system, the SLN status reflects the status of all the regional lymphatic 

basin. In other words, a metastatic SLN increases the probability of other 

metastatic LNs on the bed and, consequently, of distant metastasis (Liptak et al., 

2019). In human patients with malignant thyroid and breast cancer, the rate of 

distant metastasis when there were negative SLN was less than 0.1% (Turner et 

al., 1997; Balasubramanian et al., 2011). The early detection of metastasis to the 

SLN also allows for the addition of adjuvant treatment, such as the extension of 

surgical resection, chemotherapy, radiotherapy, or other systemic therapy, and 

consequently a better prognosis (Newman, 2004; Somasundaram et al., 2007). 

Detection of the SLN is not a straightforward procedure, as the RLN that 

naturally drains a specific region is not always the SLN (Herring et al., 2002; 

Smith, 2002; Lurie et al., 2006; Gelb et al., 2010; Suami et al., 2013; Worley, 

2014; Liptak et al., 2019). The so-called “zones of ambiguity” are regions of the 
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body, described in humans, where lymphatic drainage is particularly 

unpredictable (Goldfarb et al., 1998; Uren et al., 2003) These zones are 

responsible for the aberrant lymphatic drainage that causes, for example, the skin 

tumor to drain to deeply located LN far for the original site (Bezuidenbut, 2013). 

Metastasis of cMCT, for example, has been described to drain to colic, medial 

iliac, and accessory axillary LN (Fournier et al., 2020). The identification of 

unexpected SLN is strongly associated with this phenomenon in humans (Uren 

et al., 2003; Saha et al., 2013).  

 

 

Figure 6. The hypothetical scheme of a lymphatic chain. Afferent lymph vessels 
draining the primary tumor site flow directly to the sentinel lymph nodes, where 
foci of metastatic cells are present. The sentinel lymph node also has afferent 
lymph vessels to the second echelon lymph nodes. (Adapted from Beer et al., 
2018). 

 

The unevenness and unpredictability of the lymphatic drainage were 

evident when a study detected that one or multiple lymphatic vessels can drain 

from a tumor for a single, but also several LNs (Thompson et al., 1999). A study 

evaluating lymphoscintigraphy for SLN mapping found that 42% of the dogs with 
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MCT, had a SLN other than that regularly draining the tumor site and these dogs 

received adjuvant treatment that otherwise would not be indicated (Worley et al., 

2014). A study evaluating CT IL found about 25% of SLN different from the RLN 

(Lapsley et al., 2020). Other studies found up to 60% disagreement between SLN 

and RLN in cMCT (Ferrari et al., 2020). The unpredictable lymphatic drainage is 

also evident in dogs with mammary tumors, where the normal drainage pattern 

is altered when there is a neoplasm (Patsikas et al., 2006; Pereira et al., 2003; 

Veikkola et al., 2000). However, even normal mammary glands can have 

communication between LNs in approximately 44% of dogs (Pereira et al., 2008).  

In a study evaluating canine patients submitted to lymphatic obstruction 

due to regional surgical procedures, the lymphatic drainage deviated from the 

ipsilateral to the contralateral LN as demonstrated by indocyanine green mapping 

(Suami et al., 2013). A CT lymphangiographic study also found that 26% of the 

dogs had afferent lymphatic vessels from the popliteal LN deviating from the 

medial iliac LN directly to the sacral and internal iliac LN (Mayer et al., 2017). In 

dogs with lateralized head and neck tumors, 62% had contralateral metastatic 

disease to the mandibular or retropharyngeal LN, against 92% of the patient that 

had ipsilateral metastatic disease (Skinner et al., 2017). The evidence supporting 

contralateral lymphatic anastomosis in head and neck cancer led to an important 

change in the previously indicated lateral incision to a ventral midline cervical 

surgical approach that allowed to remove the LNs bilaterally (Belz et al., 1995; 

Green et al., 2015; Wainberg et al., 2018). 

To minimize extensive, mutilating dissection when performing 

lymphadenectomy of the entire lymphatic bed (i.e., non-selective LN dissection), 

a sample analysis of the SLN was advocated. If the SLN results positive for 

metastatic disease, the remaining lymphatic bed is finally removed. This 

approach spared human patients to be overtreated with extensive useless 

procedures (Wong et al., 1991; Morton et al., 2005; Cochran et al., 2008; Morton 

et al., 2012). Despite being widely used in oncologic human patients, several SLN 

mapping techniques are currently under investigation in small animals (Liptak et 

al., 2019). 
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In this context, using a technique to intraoperative guide the surgeon 

toward the SLN is essential to improve the detection of SLN, and decrease 

anesthesia time, surgical trauma, and postoperative morbidity (Beer et al., 2018). 

 

2.4.1 Clinical Examination of Lymph Nodes 

During tumor staging, palpation, and sampling of the RLNs are 

recommended for cMCT (Blackwood et al., 2012; Figure 7). However, only 

peripheral LNs can be clinically evaluated due to their superficial location. 

Peripheral RLNs should be evaluated looking for enlargement, asymmetry, and 

fixation to surrounding tissues (Wright & Oblak 2016). Normal LNs should be firm, 

smooth, and have an ovoid or bean shape (Beer et al., 2018).  

 

 

Figure 7. Lymphatic territories and the respective lymphatic vessels and 
corresponding lymph nodes. 1 – mandibular; 2 – parotid; 3 – dorsal superficial 
cervical; 4 – axillary; 5 – medial iliac; 6 – lateral sacral; 7 – hypogastric; 8 – 
popliteal; 9 – superficial inguinal; 10, ventral superficial cervical. (Source: Suami 
et al., 2013) 

 

Palpation of the LNs may help raise suspicion for locoregional metastatic 

disease; however, palpation alone is a poor predictor of metastasis (Langenback 

et al., 2001; Herring et al., 2002; Williams et al., 2003). Also, RLN may not be 

clinically evaluated or aspirated due to size and anatomical location (Gieger et 

al., 2003; Worley et al., 2014; El et al., 2017). Metastatic disease of the LNs may 

be missed in more than 85% of the cases when palpation is used as the sole 
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method (Brissot et al., 2017). A multicentric retrospective study evaluating non-

palpable or normal-size LNs found that 50% to 65% of the dogs with cMCT had 

metastatic RLN (either HN2 or HN3 according to Weishaar et al., 2014 

classification) regardless of the histological grade (Ferrari et al., 2018). Tumors 

larger than 3 cm were associated with locoregional metastatic disease (Ferrari et 

al., 2018). The population of this study was comprised mainly of low-grade 

cMCTs (Ferrari et al., 2018). The sensitivity and specificity of palpation to detect 

metastasis in normal to mildly enlarged LNs were 60 to 72%, respectively 

(Langenbach et al., 2001). Clinicians were able to correctly identify all SLN in 

about half (54.2%) of the cMCTs in a study (Fournier et al., 2020).  

 

2.4.2 Lymph Node Cytology 

Fine needle aspiration biopsy followed by cytological examination of the 

LNs is an easy, quick, and non-invasive complement to clinical examination (Krick 

et al., 2009; Worley et al., 2014; Fournier et al., 2018). High sensitivity and 

specificity to detect metastasis of solid tumors to LNs have been described 

(Langenbach et al., 2001; Herring et al., 2002). A study found an 18.1% rate of 

metastasis in canine cMCT diagnosed by FNA and cytology (Stefanello et al., 

2015). Nevertheless, when cytologically negative, biopsy and further histology 

are warranted as fine needle aspirate of the LNs can miss a focal metastatic 

lesion within the LN leading to a false-negative result (Wright & Oblak, 2016). 

FNA cytology can also result in nondiagnostic samples, even when ultrasound-

guided is performed by an experienced professional (Lapsley et al., 2020). 

Furthermore, FNA can detect a normal number of mast cells within the LN that 

cannot be differentiated from metastatic disease causing false positives 

(Blackwood et al., 2012). Generally, a cluster of sheets of mast cells in LN FNA 

is highly suggestive of metastatic disease (Blackwood et al., 2012). FNA and 

Histology core biopsies have a sensitivity and specificity of 100% and 96% and 

64% and 94% for LN metastasis, respectively (Langenbach et al., 2001). 

However, other studies reported only 68 to 75% sensitivity for detecting nodal 

MCT metastasis (Ku et al., 2007; Fournier et al., 2018). FNA cytology failure to 

result in diagnosed samples ranges from 25 to 68% (Weishaar et al., 2014; 

Fournier et al., 2018; Lapsley et al., 2020). A recent consensus proposal 
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suggested cytologic examination of all enlarged LNs and the SLN regardless of 

size (Willmann et al., 2021).  

It is a challenge to differentiate reactive or metastatic LNs with the 

cytologic examination (Krick et al., 2009). The lack of standard criteria to define 

LN infiltration of neoplastic mast cells lead to a highly variable description of 

methods in the literature (Gieger et al., 2003; Cahalane et al., 2004; Thamm et 

al., 2006;). A cytological criterion was proposed to establish a standard approach 

to MCT LN metastasis (Krick et al., 2009). Krick’s cytological criteria (Krick et al., 

2009) use a similar classification that was further applied by Weishaar et al. 

(2014) to the histological diagnosis of MCT metastasis (Sabattini et al, 2021). LNs 

were classified as normal, reactive lymphoid hyperplasia, possible metastasis, 

probable metastasis, and certain metastasis (Krick et al., 2009; Table 3). 

However, the study that proposed the cytologic criteria for MCT LN metastasis 

did not compare with histopathology, so sensitivity, specificity, and predictive 

values were not described (Krick et al., 2009). A prospective study of SLN 

mapping detected that 7 out of 14 (50%) of the dogs had histologically detected 

metastasis that could not be diagnosed on cytology, changing adjuvant 

chemotherapy recommendation (Lapsley et al., 2020). Another study found >25% 

of false-negative cytology of LN when compared to histology (Fournier et al., 

2018). Recently, a study reported only 5% of false-negative cytologic samples, 

but almost 37% were pre-metastatic histologically that could not be identified by 

cytology (Sabattini et al., 2021). The clinical influence of LN pre-metastatic stages 

is still uncertain (Sabattini et al., 2021). 

Clinical examination and consequently cytology are limited to evaluating 

deep located peripheral LNs, such as retropharyngeal, or abdominal and thoracic 

LNs, such as iliac or mediastinal. An ultrasound-guided biopsy can be required 

to obtain samples of these LNs. Despite being useful for clinical tumor staging, 

palpation and ultrasound-guided FNA are unable to assess LNs in up to 60% of 

the cases (Gelb et al., 2016).  
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Table 3. Krick's Cytological criteria for mast cell tumor lymph node metastasis 
(Krick et al., 2009). 

Interpretation Description 

Normal No mast cell on cytologic smear 

Reactive Lymphoid 
Hyperplasia 

Greater than 50% of small lymphocytes associated with 
a mixed population of prolymphocytes, lymphoblasts, 
plasma cells, and/or a few to moderate numbers of 
macrophage, neutrophils, and eosinophils and/or rare 
individual mast cells 

Possible 
Metastasis 

Two to three aggregates of two or three mast cells on at 
least one slide. 

Probable 
Metastasis 

Greater than three foci of aggregated of two to three cells 
and /or two to five foci of more than three aggregated 
mast cells on at least one slide. 

Certain Metastasis Obliteration of the lymphoid tissue by mast cells and/or 
the presence of aggregates, poorly differentiated mast 
cells with pleomorphism, anisocytosis, anisokayosis, 
and/or decreased or variable granulation, and/or more 
than five aggregated of three or more mast cells. 

 

 

2.4.3 Lymph Node Histology 

Finally, it is well-known that normal-size LNs are still at risk of being 

metastatic and the proportion of cytologically negative, but histologically positive 

for metastasis may range from 10 to 50% (Ku et al., 2017; Ferrari et al., 2018; 

Fournier et al., 2018). The high risk of false-negative results of LN cytology makes 

lymphadenectomy and further histology the gold standard to diagnose LN 

metastasis (Langenbach et al., 2001; Ku et al., 2017; Ferrari et al., 2018).  

Overall, it is well-established that suspected or confirmed metastatic LN 

must be surgically resected regardless of the histological grade of the primary 

tumor (Marconato et al., 2018; Grimes et al., 2020). 

Weishaar et al. (2014) proposed a classification system to address 

degrees of histological diagnosis of LN metastasis. Metastatic states (HN2 and 

HN3) were associated with a poorer prognosis than pre-metastatic LNs (HN1) 

and non-metastatic LNs (HN0). Table 4 summarizes the histological criteria for 

Weishaar’s LN metastasis classification.  

 The addition of toluidine blue staining on routine histologic evaluation of 

LN samples may improve the detection rate of cMCT metastasis (Fournier et al., 

2020). However, regardless of the technique, a standardized trimming approach 

to the LN sample is warranted as it can also influence false-positive/false-
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negative rates (Weaver et al., 2010; Weishaar et al., 2014; Kiupel et al., 2019). 

There are currently no guidelines on how and how many sections should be made 

for histological evaluation of LN. Studies that describe the section technique are 

rare. One study performed sections along the long axis at the level of the hilus 

(Sabattini et al., 2021).  

 

Table 4. Weishaar et al. (2014) classification system for histopathological 
evaluation of mast cell tumor lymph node metastasis. 

Classification Histopathological Criteria Interpretation 

HN0 None to rare (0-3), scattered, individualized 
(isolated) mast cells in sinuses 
(subcapsular, paracortical, or medullary) 
and/or parenchyma per x400 field (0-3 
mast cells per x400 field), or does not meet 
criteria for any other classification below 

Non-metastatic 

HN1 Greater than 3 individualized (isolated) 
mast cells in sinuses or medullary) and/or 
parenchyma in a minimum of 4 x400 fields 
(unless otherwise stated, at least 4 x400 
fields each, which contain more than 3 
mast cells) 

Pre-metastatic 

HN2 Aggregates (clusters) of mast cells (≥ 
associated cells) in sinuses (subcapsular, 
paracortical, or medullary) and/or 
parenchymal, or sinusoidal sheets of mast 
cells. 

Early metastasis 

HN3 Disruption or effacement of normal nodal 
architecture by discrete foci, nodules, 
sheets, or overt masses composed of mast 
cells 

Overt 
metastasis 

 

 

2.4.4 Non-Selective Lymph Node Dissection 

While lymphadenectomy is highly recommended for suspected or 

confirmed metastatic LN regardless of the histological grade of the cMCT, the 

role of prophylactic regional LN resection remains unclear (Marconato et al., 

2018; Bae et al., 2020; Grimes et al., 2020; Sabattini et al., 2021). As a result of 

this dilemma, the conflicting results across studies, and the absence of current 

evidence-based guidelines, a personalized approach based on balancing the 

risk-benefit considering clinical stage and risk of metastatic spread is frequently 

recommended (Sabattini et al., 2021). 
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Historically, the non-selective LN dissection is the surgical sample of the 

regional anatomic LN to determine whether there is a locoregional metastatic 

disease in an individual bearing cancer (Liptak et al., 2019). Choosing the RLN 

for sampling is currently the most used method during the stage and treatment 

phase of a cMCT (Suami et al., 2013; Figure 8).  

 

 

Figure 8. The drainage pattern of the lymphatic territories according to the dog’s 
anatomy. (Source: Suomi et al., 2013) 

 

 However, modern evidence demonstrated that the locoregional anatomic 

LN is not necessarily the SLN for that specific anatomic region (Liptak et al., 

2019). The possibility of aberrant lymphatic drainage from the tumor and the risk 

of missing the SLN and consequently misdiagnosing tumor-free LN is the main 

reason why non-selective LN dissection is not indicated while searching for SLN 

(Liptak et al., 2019). Other factors affecting non-selective LN effectiveness are 

the individual variations, the variable number of LN, and the possibility of multiple 

nodal metastases (Patsikas et al., 2006; Suami et al., 2012; Suami et al., 2013; 

Bezuidenbut et al., 2013; Skinner et al., 2017). Simultaneous metastasis for 

several LN has been described for head and neck tumors, with some patients 

submitted to resection of 4 to 6 LN (Herring et al., 2002; Green et al., 2017).  
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Lymphadenectomy is an invasive surgical procedure requiring additional 

intraoperative time, increasing morbidity, and costs (Fournier et al., 2020). For 

these reasons non-selective LN dissection and radical regional 

lymphadenectomy have gradually been replaced by new refined methods for 

imaging and detecting SLN in both humans and animals (Tardelli et al., 2016). 

Finding and sampling SLN is a less invasive approach, that minimizes anesthesia 

time, tissue trauma, and postoperative morbidity in humans (Schrenk et al., 2000; 

Ashikaga et al., 2010). In human oncology, SLN mapping was established as the 

gold standard in certain malignancies (Worley et al., 2014; Tardelli et al., 2016). 

Several techniques have been described for SLN mapping in humans: 

radiographic lymphography (Cabanas, 1977), computed tomography 

lymphography (Hayashi et al., 2006), magnetic resonance lymphography 

(Motomura et al., 2013), contrast-enhanced ultrasound or Lymphosonography  

(Sever et al., 2009; Moody et al., 2017), single-photon emission computed 

tomography (Naaman et al., 2016), positron emission tomography (Heusner et 

al., 2009; Chang et al., 2012), lymphoscintigraphy and intraoperative direct 

visualization using blue dyes (Niebling et al., 2016) or fluorescent dyes with near-

infrared imaging (Wishart et al., 2012). These techniques are efficient for SLN 

mapping in dogs as well (Worley et al., 2014; Liptak et al., 2019; Randal et al., 

2020; Grimes et al., 2020; Ferrari et al., 2021; Fournier et al., 2021; Lapsley et 

al., 2021). 

Most of the current modalities of SLN mapping rely on the injection of a 

marker drug or substance at the tumor site and tracking the marker to the SLN 

(Lapsley et al., 2020). Tracking can be performed intraoperatively or 

preoperatively (Lapsley et al., 2020). The unpredictable pattern of SLN puts the 

preoperative methods of SLN mapping at an advantage. These methods are 

usually based on image examinations such as radiographic, CT, or scintigraphy 

(Lapsley et al., 2020). 

Current human recommendations established regional 

lymphoscintigraphy combined with blue dyes and intraoperative 

lymphoscintigraphy as the gold-standard method for SLN mapping in human 

oncologic procedures (Worley et al., 2014; Ferrari et al., 2020).  
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2.4.5 Intraoperative Blue Dye Mapping 

The peritumoral injection of blue dyes is the simplest and most widely used 

technique for SLN mapping in dogs. The colorimetric nature of the technique 

allows visualization of the marked SLN without any detection equipment (Beer et 

al., 2018). Methylene blue, patent blue, and isosulfan blue are the most used blue 

dye for SLN mapping (Beer et al., 2018). All dyes have in common a weak affinity 

to albumin, allowing a fast absorption by the lymph vessel (Newman, 2004; 

Somasundaram et al., 2007; Qiu et al., 2018). As the dye progress, it allows the 

intraoperative visualization of the blue-colored afferent vessels coursing from the 

tumor site to the SLN (Liptak et al., 2019). Drainage from the injection site to LN 

occurs within 5 to 10 minutes (Worley et al., 2014). Finally, both lymphatic vessels 

and SLN assumes a blue-colored appearance that facilitates tracking its site 

through the skin or surgically exposed and further removal by the surgeon 

(Worley et al., 2014; Beer et al., 2018; Figure 9).  

 

Figure 9. Schematic drawing of a hypothetic lymphatic chain after peritumoral 
injection of blue dyes. The blue dye drains through the interstitial tissue until 
reaches the lymphatics and further drains to the sentinel LN. (Adapted from Beer 
et al., 2018). 
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Despite the rapid absorption and efficient demarcation of the lymphatic 

pathways, the identification of the SLN can be difficult and require a wide surgical 

exposure to track back the afferent lymph vessels leaving the tumor to the LN 

(Somasundaram et al., 2007). For this reason, there is about 86% of false-

negative when using blue dyes as the sole method of SLN mapping (Qiu et al., 

2018).  

Due to the difficulties to detect the SLN, the blue dye is frequently 

associated with other techniques, such as radioisotopes (Somasundaram et al., 

2007) lymphoscintigraphy, or near-infrared imaging. In humans, SLN detection 

only by colorimetric methods is inferior (83-85% detection rate) when compared 

to radio-guides techniques (89.2-94%) or a combination of methods (92-99%) 

(Kim et al., 2006; Niebling et al., 2016). This combination led to 89% of LNs 

detected by pre-operative lymphoscintigraphy, 97% by intraoperative gamma 

probe, and only 77% with intraoperative blue dye (Balogh et al., 2002). Despite, 

the blue dye colorimetric method having a lower detection rate than radioactive 

tracers, the combination is still recommended because double-marked SLN are 

more likely to be the first tier LN than if only radiolabeled (Kang et al., 2010; 

Niebling et al., 2016). 

The use of blue dyes for SLN mapping is cost-effective and simple to 

implement by an early trained surgeon. The learning curve to getting familiar with 

the blue dye technique was 22 procedures in women with breast cancer, for 

example (East et al., 2009). 

The main disadvantages of using a blue dye for intraoperative SLN 

mapping include the difficulty to evaluate surgical margins during the procedure 

due to the diffuse alteration of the peritumoral tissue to a strong blue color, the 

systemic absorption of the blue dye that could color tissues distant from the site 

and interfere with pulse oximetry and the blue color of the skin and mucosa that 

can persist for months after injection (Newman, 2004; Somasundaram et al., 

2007; Qiu et al., 2018). After injection, the blue dye is renal excreted, which can 

alter the urine color to a greenish-blue (Somasundaram et al., 2007). The 

discoloration of the tissues is often self-limiting and does not reflect on any harm 

to the animal. However, despite not being reported in dogs, approximately 0.4% 

of human patients experience allergic reactions, such as erythema, urticaria, 
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signs of necrosis, and in very rare cases, local skin necrosis (Hunting et al., 2010; 

Kang et al., 2010). 

Alternatively, a study evaluated the application of hemosiderin derived 

from autologous blood to stain SLN in 6 dogs. The SLN exhibit a brown color 

instead of blue color and aided in LN detection and resection without adverse 

reactions (Pinheiro et al., 2009). Unfortunately, this technique was not evaluated 

further. 

 

2.4.6 Radiographic Indirect Lymphography 

Radiographic lymphography is usually performed in animals for detection 

and delineation of the thoracic duct before ligation (Radlinsky et al., 2002; 

Naganobu et al., 2006). In a research context, radiographic lymphography has 

been used in both dogs and cats to evaluate the local pattern of lymphatic 

drainage using plain radiographs (Patsikas et al., 1996; Patsikas et al., 1996b; 

Patsikas et al., 2006; Papadopoulou et al., 2009; Patsikas et al., 2010; Mayer et 

al., 2013; Brissot et al., 2017).  Limitations in veterinary medicine impair the 

routine application of SLN mapping with nuclear medicine which turns the CT and 

radiographic indirect lymphography into the main techniques currently studied for 

SLN mapping in dogs and cats (Liptak et al., 2019). 

Radiographic lymphography can be performed either directly or indirectly 

(Beer et al., 2018). Direct lymphography is the intralymphatic administration of 

the contrast and is usually performed to assist thoracic duct identification (Skelley 

et al., 1964; Radlinsky et al., 2002; Naganobu et al., 2006). On the other hand, 

indirect lymphography allows the evaluation of locoregional lymphatic drainage 

through absorption of contrast mean injected in the tissues of the periphery of the 

lymphatics (Patsikas et al., 1996; Patsikas et al., 2006; Brissot et al., 2017). 

Indirect lymphography is especially useful to the cancer patient since the 

peritumoral absorption of contrast drains through the afferent lymphatic vessels 

to the SLN (Wisner et al., 1996; Beer et al., 2018). The intratumoral injection of 

contrast for indirect lymphography was described, but the risk of cancer cell 

seeding due to capsular damage is a concern (Brissot et al., 2017). 
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Both direct and indirect lymphography requires serial radiographs to be 

taken within minutes to demarcate the lymphatic vessels (Brissot et al., 2017; 

Mayer et al., 2013). However, the type of contrast agent used may require further 

radiographs within a day or more to complete LN uptake. 

Indirect lymphography can be performed using a hydrosoluble or 

liposoluble contrast means (Patsikas et al., 1996a; Suga et al., 2003; Suga et al., 

2004; Patsikas et al., 2006; Cochran et al., 2008; Tuohy et al., 2009). The indirect 

lymphography with hydrosoluble contrast is indicated to evaluate the lymphatic 

drainage through CT scans (Suga et al., 2004; Cabanas, 2000; Soultani et al., 

2017; Majeski et al., 2017; Grimes et al., 2017). This technique was studied in a 

cohort of bitches with mammary tumors. Patients underwent CT scans 1 and 3 

minutes after peritumoral injection of 1 ml of iopamidol. Three LN contrast 

patterns were found: (1) homogeneous with a uniform distribution of contrast; (2) 

heterogeneous with an unequal distribution of contrast; (3) absence of contrast 

mean. Bitches whose LNs were homogeneously contrasted did not have 

metastatic disease (Soultani et al., 2017). A study of indirect lymphography and 

CT scan in dogs with apocrine gland anal sac adenocarcinoma could find the 

SLN in 92% of the cases, being 66% ipsilateral and 34% contralateral to the 

primary tumor (Makeski et al., 2017). The same method was able to detect the 

SLN in 89% of the dogs with oral cancer (Grimes et al., 2017). 

The hydrosoluble contrasts are rarely used for lymphatic evaluation by 

radiographs, as the contrast is rapidly absorbed into the blood vessels (Pereira 

et al., 2003). Also, radiographs are unable to detect a small amount of contrast 

diluted in the tissues (Patsikas et al., 2006). On the other hand, using a 

liposoluble contrast for indirect lymphography allows the use of radiographs to 

detect the lymphatic contrast (Cabanas, 2000; Brissot et al., 2017). The 

techniques involve the peritumoral injection of up to 2.5 ml of lipiodol 24 hours 

before radiographs. This method is often performed on the day before surgery 

and radiographs are taken immediately before definitive surgical procedure 

(Brissot et al., 2017; Liptak et al., 2019). Lipiodol is an injectable, liposoluble 

iodinate radiographic contrast composed of ethyl esters of fatty acids of 

poppyseed oil. The contrast remains withheld on the LNs for several weeks to 
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months, which allows for serial radiographic evaluations (Liebner, 1977; Mayer 

et al., 2013). 

The indirect lymphography with lipiodol can be associated with the 

injection of blue dyes for intraoperative SLN mapping (Brissot et al., 2017; Liptak 

et al., 2019). This combination of preoperative and intraoperative SLN mapping 

was studied in 30 dogs with solid tumors, and there was an 84.6% rate of 

agreement between them. Indirect lymphography with lipiodol detected the SLN 

in 96.6% of the dogs (Brissot et al., 2017). Preoperative radiographic indirect 

lymphography also found more SLN than previously. In a study evaluating the 

role of indirect lymphography with lipiodol in bitches with mammary tumors, 

preoperative SLN mapping was able to locate more than one LN in several cases 

(Patsikas et al., 2006).  

Complications of the radiographic lymphography are uncommon and mild. 

One out of 30 dogs in a study with lipiodol indirect lymphography had mild 

blepharitis that resolved after topical treatment (Brissot et al., 2017). However, 

another reported complication was insufficient uptake of contrast by the LN 

preventing adequate identification of the SLN. The contrast was reinjected due to 

insufficient uptake in 4 out of 25 dogs in a study (Brissot et al., 2017). Another 

study using subcutaneous injection of lipiodol in healthy dogs reported a 50% rate 

of injection-site erythema and a 30% rate of LN swelling (Mayer et al., 2013). 

These minor complications were reported 14 to 38 days after lipiodol injection, 

but resolution occurred in 7 to 10 days in all dogs following symptomatic treatment 

only (Mayer et al., 2013). Asymptomatic pulmonary oil embolization has been 

reported once (Mayer et al., 2013). A 90.3% rate of minor temporary swelling of 

healthy feline mammary glands and a 9.7% rate of inflammation was reported 

after intramammary and subareolar injection of lipiodol (Patsikas et al., 2010). 

Allergic reactions, pulmonary embolism, or other severe complications have been 

reported in people but not in small animals so far.  

The combined use of preoperative SLN mapping with lipiodol and 

radiographs with the intraoperative mapping with blue dye is an attractive 

alternative to other complex SLN mapping techniques, as the application is 

simple, radiographs are inexpensive, and equipment is widely available in most 

veterinary facilities (Patsikas et al., 2006; Blackwood et al., 2012; Brissot et al., 
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2017; Liptak et al., 2019). Also, the procedure is considered non-invasive and 

usually does not require sedation or anesthesia (Brissot et al., 2017; Patsikas et 

al., 2006) The main disadvantage is the 24-hour time interval between contrast 

injection, lymphatic drainage, and radiographs which require two-stage 

procedures (Liptak et al., 2019). Also, the high rate of mild complications must be 

considered.  

 

2.4.7 Computed Tomography Indirect Lymphography 

Computed Tomography lymphography (CTL) was made to accurately 

display the anatomical location of the SLN and surrounding tissues (Suga et al., 

2003; Suga et al., 2003b; Papadopoulou et al., 2009; Patsikas et al., 2010; Lee 

et al., 2013; Grimes et al., 2017). CTL allows the visualization of SLN afferent 

lymphatic vessels and thus differentiates between SLN and other distant LNs 

without radiographic superimposition (Hayashi et al., 2006; Kim et al., 2015) 

The main characteristics of the technique are similar to radiographic 

lymphography (Suga et al., 2003; Suga et al., 2004; Hayashi et al., 2006; 

Papadopoulou et al., 2009; Patsikas et al., 2010; Lim et al., 2012). The contrast, 

however, is hydrosoluble and is rapidly absorbed from the tissue to the lymph 

vessel within minutes after peritumoral injection. Advantages of CTL over 

radiographic IL are the ability to visualize an entire area at the same time and the 

ability to do 3D-reconstructions (Mayer et al., 2013). On the other hand, CTL 

requires deep sedation or anesthesia, increased cost, and the possible adverse 

reaction to iodinated contrast agents (Mayer et al., 2013; Rossi et al., 2018). 

In people with gastric and breast cancer CTL had a 100% and 95.8% rate 

of SLN detection when used as the sole SLN mapping strategy (Motomura et al., 

2013; Lee et al., 2013; Mokhtar et al., 2016). Only a few studies in dogs 

successfully applied CTL in a clinical setting. Mammary cancer (Soultani et al., 

2016), apocrine gland anal sac adenocarcinoma (Majeski et al., 2017), and 

several site tumors (Rossi et al., 2007; Grimes et al., 2017) have been 

investigated. All studies used pre-contrast scanning followed by sequential post-

contrasted images. Scanning started 1 minute after contrast agent injection. 

Visualization of the SLN was made at the soft tissue windows. The contrasted 

lymphatic vessels could be visualized and followed to 1 or more SLN (Rossi et 
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al., 2007; Soultani et al., 2016; Majeski et al., 2017; Grimes et al., 2017). A pilot 

study evaluating CTL in 18 dogs with head tumors identified the SLN in 16 

patients (89%). Two dogs (13%) had more than 1 SLN (Grimes et al., 2017). 

 A study evaluating CTL established three different patterns of SLN 

opacification: (1) The uniform uptake of contrast agent within the SLN leading to 

a homogeneous enhancement pattern; (2) Unequal opacification, including a 

single area or only the periphery of the SLN leading to a heterogeneous contrast 

pattern; (3) the absence of contrast uptake by the SLN (Soultani et al., 2016). 

These patterns of SLN contrast were associated with the presence or absence of 

metastasis. The homogeneous pattern was associated with the absence of 

metastasis while the heterogeneous contrasted SLN was usually metastatic 

(Soultani et al., 2016). 

The absence of contrast uptake by the SLN does not mean there is no 

SLN or no metastatic disease in progress. Two out of 33 dogs in a CTL study had 

no contrasted SLN, but afferent lymph vessels were contrasted and both LNs 

were histologically metastatic. The authors hypothesized that a metastatic 

disease caused the interruption of continuous lymph flow (Soultani et al., 2016). 

Also, a low Houndsfield unit in the center of the SLN had high sensitivity and 

specificity to detect metastatic SLN (Soultani et al., 2016). 

The CTL has been used to access the lymphatic drainage of several 

tumors and locations, such as breast (Suga et al., 2003; Papadopoulou et al., 

2009; Patsikas et al., 2010), gastric (Lim et al., 2012; Kim et al., 2015;), 

esophageal (Hayashi et al., 2006), lung (Suga et al., 2004) in people with 

excellent results. In dogs and cats, there are studies evaluating normal lymphatic 

drainage of mammary glands (Papadopoulou et al., 2009; Patsikas et al., 2010) 

and a wide study evaluating several cancer types (Brissot et al., 2017).  

Finally, the main advantages of CTL are the reliable detection of SLN and 

the ability to predict nodal metastatic disease (Soultani et al., 2016). The CTL is 

also safe and sensitive in the detection of SLN in several tumors (Beer et al., 

2018). The main disadvantage of the CTL is the absence of intraoperative 

assistance to locate de SLN, which often requires the association with 

intraoperative blue dyes or lymphoscintigraphic mapping (Lee et al., 2013; Beer 

et al., 2018). The use of skin marks with a pen or needles was suggested as a 
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simple technique to surpass this difficulty in dogs (Suga et al., 2003; Suga et al., 

2003b). 

  

2.4.8 Other Techniques for Sentinel Lymph Node Mapping 

The most common technique for intraoperative SLN mapping in humans 

is the peritumoral injection of radioactive isotopes and blue dye (Beer et al., 2018, 

Qiu et al., 2018). The use of radioisotopes is rarely available for veterinary 

patients, as the technique demands adequate facilities and specialized 

equipment for nuclear medicine with a high cost and generating radioactive waste 

(Liptak et al., 2019). 

Magnetic resonance lymphography (MRL) uses the same principle of 

indirect lymphography either by radiographs or CT scans (Beet et al., 2017). A 

3D reconstruction of the contrasted SLN and respective afferent lymphatics can 

provide detailed anatomic images of the draining lymphatics (Suga et al., 2004; 

Mayer et al., 2012; Turkbey et al., 2015). Superparamagnetic iron oxide particles, 

a contrast agent specific for MR use, had high sensitivity and specificity in 

predicting metastasis of the SLN in humans (Motomura et al., 2011). Despite 

some experimental MRL in dogs (Suga et al., 2004; Mayer et al., 2012; Turkbey 

et al., 2015), there is no current investigation on the use of MRL in a clinical 

setting. 

Contrast-enhanced ultrasound (CEUS) has been suggested as an 

interesting method to detect SLN in both humans and animals (Beer et al., 2018; 

Fournier et al., 2020). The lymphosonography is a non-ionizing and non-invasive 

technique with a safe and rapid clearance of contrast associated with a low cost 

and does not require anesthesia (Wang et al., 2010; Seiler et al., 2013; Moody et 

al., 2017; Fournier et al., 2020). The diffusion of ultrasound contrast is real-time 

and allows a detailed view of lymphatic vessels and LN with minimal spillage to 

second-tier LN (Wisner et al., 2003; Goldberg et al., 2005; Wang et al., 2010; Xie 

et al., 2015; Liu et al., 2019). Microbubbles for CEUS seem to have restricted 

drainage to the first SLN of the basin, with a minimal to no spill-over of contrast 

to second-tier LN (Wisner et al., 2003; Gelb et al., 2010; Wang et al., 2010). The 

pattern of SLN enhancement has been recently associated with metastasis 

status, however, with low sensitivity and specificity (Fournier et al., 2020). 
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To allow visualization of the afferent lymphatic vessels, small gas-filled 

microbubbles in a lipid shell are injected into the peritumoral tumor (Goldberg et 

al., 2005; Lurie et al., 2006; Wang et al., 2010). As the lipidic contrast mean has 

a strong affinity to the lymphatics it enters the vessel in seconds (Goldberg et al., 

2005) and rapidly drains to the SLN within minutes (Lurie et al., 2006; Goldberg 

et al., 2005; Gelb et al., 2010). Using a doppler or grey-scale ultrasound, the 

contrast starts oscillating reflecting a signal several times higher than that of body 

tissue (Blomley et al., 2001). The use of CEUS allowed the detection of small 

SLN that initially were not visible in standard B-mode ultrasound in a study 

(Fournier et al., 2020). 

The CEUS has been used solely in preclinical research in pigs (Goldberg 

et al., 2004; Goldberg et al., 2005), dogs (Wisner et al., 2003; Goldberg et al., 

2005; Lurie et al., 2006; Gelb et al., 2010; Wang et al., 2010) and rabbits 

(Goldberg et al., 2005). In humans, CEUS studies reported a rate of SLN 

detection of 87% to 97% (Sever et al., 2009; Sever et al., 2011; Cox et al., 2013; 

Esfehani et al., 2015; Xie et al., 2015) when comparing with blue dye and 

lymphoscintigraphy. In healthy dogs, a 91.3% detection rate was found when 

comparing blue dye (Wang et al., 2010). Dogs with cMCT subjected to CEUS 

SLN mapping had a 95.2% of detection rate (Fournier et al., 2020). CEUS could 

detect SLN in 8 out of 10 dogs bearing head and neck tumors when compared 

with lymphoscintigraphy (Lurie et al., 2006). The main challenge of using CEUS 

for SLN mapping is the necessity of selecting the lymphatic basins to be 

evaluated before scanning and the operator-dependent variables (Stefanello et 

al., 2009; Book et al., 2011; Horta et al., 2018; Pecceu et al., 2019). 

The standard of care for SLN mapping in humans is the use of radioactive 

tracers (Niebling et al., 2016). Technetium-99m (Tc-99m) labeled colloids are the 

most used radiotracer (Wawroschek et al., 2003; Nwogu et al., 2002; Pereira et 

al., 2008; Worley et al., 2014). SLN mapping is obtained through a preoperative 

scan that detects the accumulation of radioactivity on LN after draining from the 

peritumoral injection site (Mariani et al., 2001). A hand-held gamma probe can be 

used intraoperatively to find radiolabeled SLN. However, lymphoscintigraphy 

cannot predict metastasis (Beer et al., 2018). 

A preliminary study evaluating scintigraphy SLN mapping allowed to find 

35 SLN in which 34 were detected both pre and intraoperative while only 27 were 
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identified by the blue dye technique (Balogh et al., 2002). A combination of 

radioisotopes and methylene blue detected 19 SLN in 19 dogs, but a gamma 

probe could detect an additional SLN than preoperative lymphoscintigraphy and 

blue dye (Worley et al., 2014). Scintigraphy could also detect SLN in studies 

evaluating prostate, mammary, pulmonary, and thoracic drainage in healthy dogs 

(Wawroschek et al., 2003; Nwogu et al., 2002; Pereira et al., 2008; Tuohy et al., 

2014). 

The main barrier to the widespread use of radio-guided SLN mapping is 

the restricted use of radioactive materials and environmental issues related to 

radiopharmaceuticals disposal (Mariani et al., 2001; Worley et al., 2014; Beer et 

al., 2018; Liptak et al., 2019). 

Near-infrared imaging uses optical image-guided surgery to provide real-

time detection of lymphatic vessels and SLN (Troyan et al., 2009; Wishart et al., 

2012). The wavelength of the near-infrared light spectrum is 700 to 900 nm and 

invisible to human eyes (Schaafsma et al., 2011). The near-infrared system emits 

an infrared spectrum light that is absorbed by a fluorescent agent. The light is 

detected by a near-infrared camera that shows a real-time video on a screen 

(Schaafsma et al., 2011; Sevick-Muraca et al., 2012). The near-infrared imaging 

is useful for transcutaneous detection of SLN as the light of the near-infrared 

spectrum can penetrate a few centimeters but is not adequately absorbed by the 

tissue (Troyan et al., 2009; Hirche et al., 2010; Schaafsma et al., 2011; Sevick-

Muraca et al., 2012). The most often fluorescent agent is the Indocyanine Green 

(Schaafsma et al., 2011). 

In humans, near-infrared imaging with indocyanine green is usually used 

to detect SLN in breast cancer and melanoma (Hirche et al. 2010; Fujisawa et 

al., 2012; Wishart et al., 2012; Sugie et al., 2016). The detection rate seems to 

be comparable to that of lymphoscintigraphy, however, the faster drainage of 

indocyanine green to second-tier LNs is hypothesized as a cause of a slightly 

higher rate (Fujisawa et al., 2012; Wishart et al., 2012; Sugie et al., 2016). On the 

other hand, as near-infrared imaging allows visualization of afferent lymphatic 

vessels it can easily identify the first tier SLN of the basin (Troyan et al., 2009; 

Wishart et al., 2012). The near-infrared imaging system can also be applied in 

minimally invasive and robotic surgery (Holloway et al., 2012; Liss et al., 2014). 
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Tumor-specific targeting dyes have been developed for intravenous 

injection. These dyes aid in en bloc curative-intent resection as it demarcates 

tumor margins (Eward et al., 2013; Holt et al., 2015; Fidel et al., 2015; Mohs et 

al., 2015; Cabon et al., 2016). The transcutaneous visualization of fluorescent 

dye can make a massive wide surgical resection unnecessary in cases of 

cutaneous superficial tumors (Hirche et al., 2010). The technique has been tested 

in dogs with naturally occurring cancer as a model for human trials. Intradermal 

(Wells et al., 2006), submucosal gastric (Kim et al., 2015; Kong et al., 2015) and 

intraprostatic injection (Liss et al., 2014) of indocyanine green have been tested 

for SLN mapping in dogs. 

Experimental studies of safe and feasibility of near-infrared in dogs 

bearing soft tissue sarcomas (Eward et al., 2013; Holt et al., 2015; Fidel et al., 

2015; Cabon et al., 2016; Bartholf et al., 2016), MCT (Fidel et al., 2015; Bartholf 

et al., 2016), bladder carcinoma (Knapp et al., 2007; Mohs et al., 2015), and 

others types of cancer (Fidel et al., 2015) has been done. These studies aimed 

at SLN mapping (Knapp et al., 2007; Liss et al., 2014; Kim et al., 2015; Kong et 

al., 2015) and differentiating malignant tissues from benign ones (Eward et al., 

2013; Holt et al., 2015; Fidel et al., 2015; Mohs et al., 2015; Bartholf et al., 2016; 

Cabon et al., 2016;). In cats, a study with intraoperative near-infrared finds it 

useful for en bloc tumor resection (Wenk et al., 2013). Veterinary studies of 

intravenous application of indocyanine green for detection of SLN and mammary 

tumors (Reynolds et al., 1999) and hepatocellular carcinoma (Iida et al., 2013). 

Limitations of the near-infrared techniques include the low-depth 

penetration of the light, the short time of tracer uptake in the lymphatics, and the 

requirement of specific equipment (Schaafsma et al., 2011; Kim et al., 2015; Beer 

et al., 2018). In both humans (Hirche et al., 2010; Wishart et al., 2012; Jewell et 

al., 2014; 91) and dogs (Wenk et al., 2013; Cabon et al., 2016) there were no 

complications associated with the techniques. 

 

2.4.9 Problems in Sentinel Lymph Node Mapping 

 In addition to the previously mentioned problems on detecting the SLN and 

the limitations of the several techniques available for mapping, the 

pathophysiology of the lymphatic metastasis may also be responsible for false 

negatives. After reaching the lymphatic vessels and LNs, the cancer cells can 
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form niches of metastatic disease that once reaching a certain size can obstruct 

the already abnormal lymph flow. The blockage of the lymph flow causes a 

deviation through the formation of collateral new lymphatic vessels draining to 

different LNs (Proulx et al., 2013).  

The development of newly formed lymphatics is caused by the increased 

intranodal pressure in the blocked LN that stimulates drainage to LNs with low 

intranodal pressure (Nathanson et al., 2011). In humans, this concept is seen 

clinically when there is a rerouting of the lymph flow to other LNs in the presence 

of SLN metastasis (Leijte et al., 2009; Nathanson et al., 2011). Previously surgery 

or LN resection can also cause these changes (Blum et al., 2013). 

 The phenomenon of lymphatic rerouting is important clinically as it can 

mislead the results of SLN mapping techniques, causing false-negative results 

(Figure 10). In other words, LNs with metastatic niches does not receive draining 

dye or contrast agents because there are obstructed by metastasis while a 

normal LN that received the rerouted lymphatic vessel may be falsely considered 

the sentinel (Proulx et al., 2012b). Later in the course of the disease the LN that 

drained the rerouted flow may be colonized by metastatic cells as well (Karaman 

et al., 2014). 
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Figure 10. Possible results after peritumoral injection of a tracer that is taken by 
the lymphatic vessels. (A) The tracer enters the lymphatic vessels and is 
transported by the collecting lymphatic vessels to the lymph node that is correctly 
identified as the sentinel lymph node (SLN) and may or may not harbor metastatic 
cancer cells (i.e., a true SLN/true-positive for metastasis). (B) The tracer enters 
the lymphatic vessels and is transported but cannot mark the lymph node due to 
a large metastatic lesion causing an obstruction. In this scenario, the SLN was 
missed but is positive for metastasis (i.e., a true SLN/false-negative for 
metastasis). Newly formed lymphatic vessels cause a reroute pathway that led to 
lymph draining to another lymph node that was falsely identified as SLN (i.e., a 
false SLN/false-negative for metastasis). (C) The previously negative lymph node 
that received the rerouted lymph flow may also contain metastatic disease as well 
(i.e., True positive SLN was missed [false-negative] but alternative SLN was also 
positive [true-positive]). (Source: Adapted from Karaman et al., 2014). 

 

2.5. Lymphadenectomy 

In addition to diagnosis and prognosis, the surgical resection of metastatic 

SLN is also therapeutical, as it may decrease tumor burden before adjuvant 

therapy (Wright & Oblak 2016; Hume et al., 2011). LN resection and histological 

status have been associated with an increased progression-free survival time 

(Hume et al., 2011). 

Lymphadenectomy of LN excisional biopsy is the gold-standard method to 

detect locoregional metastatic disease (Wright & Oblak 2016; Marconato et al., 
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2018; Grimes et al., 2020). Lymphadenectomy can either be prophylactic, when 

there is no evidence of nodal involvement or therapeutic to treat a known 

malignancy (Conzo et al., 2014; Marconato et al., 2018; Gambardella et al., 2019; 

Mendez et al., 2020; Sabattini et al., 2021). Prophylactic lymphadenectomy 

remains controversial in grade 1 or low-grade cMCT without clinical features of 

aggressiveness or cytologic negative LN (Sabattini et al., 2021). A watch-and-

wait strategy has been proposed, but the concern around a possible higher rate 

of undetected or late nodal metastasis and the fact that LN is the main metastatic 

site of cMCT make prophylactic lymphadenectomy a more reasonable option 

(Ferrari et al., 2018; Sabattini et al., 2021). 

 

2.5.1 Surgical Technique for Lymph Node Resection 

Most available literature about lymphadenectomy in dogs and cats is 

superficial and a standard surgical approach to specific LNs is rarely found. 

Furthermore, anatomical descriptions of the LN location and sites are resumed 

to the books or antique cadaveric reports.  

The indications for lymphadenectomy are based on the lymphatic 

territories (Figure 11) and the results of SLN techniques. The surgical technique 

to remove LNs includes blunt and sharp dissection of the surrounding connective 

tissue outside the LN capsule. The capsule should be left intact. Small or delicate 

LNs can be dissected using cotton tip swabs. To avoid losing LN location and aid 

on dissection, thumb forceps, Allis tissue forceps, or even stay sutures can be 

used to grip the perinodal tissue. The vascular hilus of the LN should be ligated 

using 4-0 or 3-0 absorbable monofilament suture or coagulated using 

electrocautery (Wright & Oblak et al., 2016). 
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Figure 11. Lymphocenters and lymphatic vessels of canine skin 1 parotid lymph 
node; 2, 2′, 2″ mandibular lymph nodes; 3, 3′ superficial cervical lymph 
nodes; 4 accessory axillary lymph node; 5 popliteal lymph node; 6 lymph vessels 
from the buccal gingiva of the maxillary teeth; 7 lymph vessels from the buccal 
gingiva of the mandibular teeth; 81-89 lymph vessels that go to the medial side of 
the leg (85-88 are lymph vessels that run to the superficial inguinal lymph 
nodes; 82 and 82, 83 and 83, 84 and 84 are the same lymph vessels); 91 lymph 
vessels from the skin of the ventral chest; 92-95 lymph vessels that go to the 
lateral side of the leg; 92 and 92, 93 and 93, 94 and 94, 95 and 95 are the same 
lymph vessels; 10 lymph vessel that crosses the median plane; 11 lymph vessels 
of the external nose; 12 lymph vessel that runs deep to the medial 
retropharyngeal lymph node; 13, 13′ lymph vessels running to the axillary lymph 
node; 14 lymph vessels running to the medial iliac lymph node; 15 lymph vessels 
opening into the superficial inguinal lymph nodes; 16 lymph vessels passing from 
the palmar to the dorsal side; 17, 17′ lymph vessels running to the superficial 
inguinal lymph nodes. (Adapted from the translated version of Dr. Hermann 
Baum's article of 1918 by Dr. Monique Mayer and colleagues) 

 

2.5.2 Mammary Lymphatic Basin 

The mammary glands harbor a wide variable lymphatic drainage, with 

several studies reporting drainage to LNs other than the superficial inguinal or 



61 

the axillary LN. The cranial and caudal thoracic glands usually drain to the 

ipsilateral axillary LN, but simultaneous drainage to the sternal LN is rarely 

reported (Graham et al., 1999). The third mammary gland often drains to the 

ipsilateral axillary and superficial inguinal LN at the same time, however, in some 

cases it can drain only to the axillary or, rarely, only to the inguinal (Graham et 

al., 1999; Collivignarelli et al., 2021; Figure 12). Drainage from the third mammary 

gland to the medial iliac LN has been reported as well (Graham et al., 1999). One 

study reported the drainage of the third mammary gland to the contralateral 

axillary LN (Collivignarelli et al., 2021). The fourth and fifth mammary glands drain 

to the ipsilateral superficial inguinal LN. Simultaneous drainage of the fourth gland 

to the ipsilateral axillary LN is rarely seen. Drainage of the fifth gland to the 

popliteal LN or those located at the medial aspect of the thigh is rarely seen 

(Graham et al., 1999). Both fourth and fifth glands can drain to the medial iliac LN 

when neoplastic (Collivignarelli et al., 2021). 

Abnormal drainage to the contralateral axillary LN has been reported in 

the presence of neoplasms (Pereira et al., 2003; Pereira et al., 2008; 

Collivignarelli et al., 2021). According to a recent consensus, the axillary LN must 

be resected in the presence of a malignant mammary tumor at the first, second, 

and third mammary glands (Cassali et al., 2020). The inguinal LN must be 

extirpated when the tumor is located at the third, fourth, and fifth mammary glands 

(Cassali et al., 2020). 

A single superficial inguinal LN is the most seen distribution of this basin, 

however, two or more may be seen in a few cases (Mayer et al., 2010; 

Bezuidenhout, 2013). The inguinal LN is frequently found deep at the fifth 

mammary gland in the female and at the level of the penile bulb in the male 

(Bezuidenhout, 2013). 

The inguinal LN is usually removed along with the fifth mammary gland 

due to its intimate location close to the gland (Cassali et al., 2020). However, 

when a mastectomy is not planned, uni- or bilateral inguinal LN can be removed 

through a single midline incision or unilaterally by a lateral incision but may 

require an extensive dissection if not enlarged (Pierini et al., 2020). 
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Figure 12. Lymphocenter and lymphatic vessels of the mammary gland. 
(Adapted from the translated version of Dr. Hermann Baum's article of 1918 by 
Dr. Monique Mayer and colleagues). 

 

2.5.3 Head and Neck Lymphatic Basin 

The mandibular LNs are the easiest peripheral LN to palpate and remove 

(Wright & Oblak et al., 2016). It receives drainage from the eyelids, skin of the 

calvarium, tongue, pharynx, oral cavity, and temporomandibular joint (Dyce et al., 

2009; Evans et al., 2013). 

On the other hand, retropharyngeal LNs cannot be readily palpated and 

are one of the most challenging RLNs to identify and remove during surgery 

(Wright & Oblak et al., 2016). The retropharyngeal LNs drain the tongue, oral 
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cavity walls, the nasal and pharyngeal tissues, salivary glands, external ear, 

larynx, esophagus, and deep nasal cavity (Dyce et al., 2009; Evans et al., 2013). 

The medial retropharyngeal LN is also the collecting center for the head as it also 

receives drainage from the lateral retropharyngeal, parotid, and mandibular LNs 

as well (Dyce et al., 2009; Evans et al., 2013). This central location on the 

lymphatic pathway increases the importance of staging the retropharyngeal LN 

in patients with head and neck malignancies (Wainbert et al., 2018; Figures 13 

and 14). 

The parotid LN receives drainage from the dorsal head, including the skin, 

the bones of the dorsal aspect of the skull, orbital content, and masticatory 

muscles (Smith et al., 2002). The parotid LN is not usually affected by metastatic 

disease in dogs (Smith et al., 2002). 

Buccal lymph was described to be present in about 9% of the dogs in a 

cadaveric study. Furthermore, its location was widely variable: rostral, medial, or 

caudodorsal to the facial vein at the lateral aspect of the maxilla just dorsal to the 

zygomatic muscle and rostral to the masseter muscle at the level where the 

superior labial vein drains to the facial vein. The buccal node was bilaterally in 

about half of the cases where it was present (Casteleyn et al., 2008).  

The head and neck drainage is known to have a lymphatic crossover in 

the oropharynx that makes the lymphatic drainage and consequently metastasis 

patterns unpredictable (Lurie et al., 2006; Tuohy et al., 2009). Removal of a single 

LN can easily underestimate the actual LN status of a patient (Lurie et al., 2006; 

Tuohy et al., 2009).  
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Figure 13. Lymphosomes and lymphatic vessels of the head and cranial neck. 
Legend: s, s’ parotid lymph nodes; s” lateral retropharyngeal lymph node; t, 
t’ mandibular lymph nodes; u medial retropharyngeal lymph node. 1, 1′ lymph 
vessels from hard palate and soft palate; 1″ lymph vessels of the zygomatic 
gland; 2, 2′ lymph vessels from the soft palate or 2′ lymph vessel from the fold 
surrounding the tonsillar sinus; 3, 3 lymph vessels from the tonsil; 4, 4′, 4″ lymph 
vessels from the soft palate, the tonsil, the base of the tongue and from the 
mucous membrane of the cavity of the pharynx; 5, 5 lymph vessels from the 
tongue; 6, 6′, 6″ lymph vessels of the tip of the tongue; 7, 7′ and 8 lymph vessels 
of the body of the tongue; 9, 9′ lymph vessels from the larynx. (Adapted from the 
translated version of Dr. Hermann Baum's article of 1918 by Dr. Monique Mayer 
and colleagues). 

The resection of the LN of the cranial aspect of the neck is usually 

performed through a unilateral approach or a single ventral midline incision 

(Green et al., 2017). A unilateral approach was described first and required an 

incision extending from the rostral aspect of the vertical ear canal to the external 

jugular vein bifurcation (Smith et al., 2002). The unilateral technique allows 

dissection of multiple LNs but requires extensive dissection and does not allow 

resection of the contralateral nodes (Smith et al., 2002). Furthermore, the location 

and possible bilateral incisions certainly interfere with surgical planes for tumor 

resection and the possibilities for surgical reconstruction of the primary defect 

(Smith et al., 2002; Green et al., 2017). 
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Figure 14. Lymphossomes and lymphatic vessels of the neck. a, a’ medial 
retropharyngeal lymph nodes; b cranial cervical lymph node; c, c’ caudal cervical 
lymph nodes; d, d’, d” superficial cervical lymph nodes; e axillary lymph 
node; e’ accessory axillary lymph node; f left tracheal duct;  i thoracic duct with 
its terminal branches; k, k’, k”, k”‘ lymph vessels from the larynx; l lymph vessel 
opening into a cranial mediastinal lymph node; m, m1, m2, m3 mandibular lymph 
nodes (Adapted from the translated version of Dr. Hermann Baum’s article of 
1983 by Dr. Monique Mayer and colleagues). 

 

On the other hand, a single ventral midline incision is described as suitable 

for accessing both mandibular and retropharyngeal LNs bilaterally with 

considerably less dissection (Green et al., 2017). For this approach, the patient 

is positioned in dorsal recumbency, and the head is extended to expose the area 

ventral to the mandible to the thoracic inlet. After surgically preparing the skin to 

provide an adequate area, an incision is performed through the skin and platysma 

muscle at the level of the caudal third of the mandible and the larynx. The 

mandibular LN can be palpated along the caudal aspect of the mandible while 

the retropharyngeal LN requires retracting the mandibular salivary gland laterally 

to be visible. Blunt dissection with eventual electrocautery is adequate for 

isolating and resecting both LNs. The same procedure can be performed 
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bilaterally through the same skin incision if required Care must be taken to avoid 

damaging the facial vein and the structures adjacent to the retropharyngeal node 

especially with an extensive dissection is performed (Green et al., 2017). The 

parotid LN cannot be accessed by this single midline incision (Green et al., 2017). 

A Rummel tourniquet can be applied to the carotid arteries through this approach 

before primary tumor resection to reduce bleeding if required (Green et al., 2017). 

 A prospective randomized ex vivo trial concluded that the single midline 

incision was preferred for veterinarians with advanced surgical training for 

retropharyngeal LN dissection and allowed a significantly smaller incision than 

the lateral approach performed bilaterally (Wainberg et al., 2018). 

 

2.5.4 Thoracic Lymphatic Basin 

In normal dogs, the cranial mediastinal LNs can be found between the right 

jugular vein and the cranial vena cava, between the brachiocephalic artery and 

the cranial vena cava, and between the brachiocephalic artery and left subclavian 

artery (Kayanuma et al., 2020; Figure 15). Normal mediastinal LN size usually 

ranges from less than 1 mm to 3 mm and may vary in number from 1 to 9 being 

3, 4, and 5 the most found in dogs. Like most thoracic LNs, the mediastinal LN 

can only be seen if the overlying fat and the pleural tissue were removed from 

covering the great vessels (Bezuidenhout, 2013). 

The sternal LNs are part of the ventral thoracic lymphatic basin (Figure 

15). There is a right and left sternal LN, but variable numbers are described. The 

nodes are located at the dorsal aspect of the sternum, medial to the second costal 

cartilage, and cranioventral to the internal thoracic vessels (Smith et al., 2012; 

Bezuidenhout, 2013; Iwasaki et al., 2016; Stehlík et al., 2020). The ventral 

thoracic lymphatic center drains the sternum, ribs, the thymus, and other viscera 

such as the muscles, peritoneal and pelvic cavity, and the mammary glands 

(Patsikas et al., 2006; Bezuidenhout, 2013; Iwasaki et al., 2016; Iwasaki et al., 

2018; Stehlík et al., 2020). 
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Figure 15. Lymphatic vessels e lymph nodes of the thoracic cavity. 
a, a1, a2 cranial mediastinal lymph nodes; b left tracheobronchial lymph 
node; b’ middle tracheobronchial lymph node; c sternal lymph node; d, d1 lymph 
vessels that run to the cranial lumbar aortic lymph node; e lymph vessels that 
enter the abdominal cavity through the diaphragm and open into splenic lymph 
nodes, gastric lymph node, left hepatic lymph node or the cranial lumbar aortic 
lymph node; f lymph vessel entering the abdominal cavity with the 
esophagus; g intercostal lymph node; h one efferent vessel running to the right 
side. (Adapted from the translated version of Dr. Hermann Baum's article of 1918 
by Dr. Monique Mayer and colleagues) 

 

 The tracheobronchial LNs are usually triple and named right, left, and 

middle nodes (Kayanuma et al., 2020; Figures 16 and 17). Despite most dogs 

most commonly having all three tracheobronchial nodes, some dogs may have 

only two, one, or none (Kayanuma et al., 2020). The left and the right 

tracheobronchial LN are located at the dorsal left and cranial right side of the 

trachea respectively, while the middle node is located immediately at the tracheal 

bifurcation (Kayanuma et al., 2020).  

 The aortic thoracic LN is not commonly found in dogs, with only 12 out of 

100 dogs having this LN found in a CT study (Kayanuma et al., 2020). When 

present, the aortic thoracic LN is located at the end of the fourth to seventh 
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intercostal space close to the vertebra and can be unilateral or less commonly 

bilateral (Kayanuma et al., 2020). 

In a canine ex vivo study using SLN mapping techniques, there was no 

lobar, segmental, or subsegmental LN in the lung (Tuohy et al, 2014). Hilar and 

pulmonary LNs are not consistently present in dogs, and, when present, 

frequently occur unilaterally only (Bezuidenhout, 2013). 

 

 
Figure 16. Lymph nodes and lymphatic vessels of the lungs and bronchial tree. 
Dorsal View. 1 left tracheobronchial lymph node; 2 right tracheobronchial lymph 
node; 3 middle tracheobronchial lymph node; 4, 4′ pulmonary lymph 
nodes; 5 subserous lymph vessel; 6, 61 subserous lymph vessels running in the 
first part of the pulmonary ligament; 7, 7, 7 subserous lymph vessels, which start 
to run deep at this location; 8 left and 81 right mediastinal lymph node.  (Adapted 
from the translated version of Dr. Hermann Baum's article of 1918 by Dr. Monique 
Mayer and colleagues). 
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Figure 17. Lymph nodes of the bronchi. a end of the trachea; b left and c right 
main bronchus; d left and e right cranial bronchus. 1 left tracheobronchial lymph 
node; 2 middle tracheobronchial lymph node; 3 right tracheobronchial lymph 
node; 4 pulmonary lymph node. (Adapted from the translated version of Dr. 
Hermann Baum's article of 1918 by Dr. Monique Mayer and colleagues) 

 

2.5.5 Forelimb Lymphatic Basin 

 The axillary LN drains the thoracic and abdominal mammary gland, the 

thoracic wall, the cranial aspect of the abdominal wall, and the median aspect of 

the forelimb (Patsikas et al., 1996; Patsikas, 1996b; Patsikas et al., 2006; 

Bezuidenhout, 2013). An accessory axillary LN may be present in some dogs, 

but it is considerably smaller than the actual axillary node (Bezuidenhout 2013; 

Figure 18A). Unless considerably enlarged, the axillary LN is difficult to palpate 

due to its location deep in the axilla and surrounded by the bulky muscles of the 

thoracic limb (Rehnblom et al., 2022; Figure 18B).  

The axillary LN can be surgically excised through an incision at the axillary 

region with the animal in dorsal recumbency. The forelimb can be retracted 

cranially to improve visualization. The depression at the intersection of the 

pectoralis profundus and the latissimus dorsi muscle can be palpated and an 

incision made at this region in a cranial-caudal orientation. The caudal border of 

the humerus and the second rib are the landmarks for the cranial and caudal end 

of the incision, respectively. The subcutaneous is sharp and/or blunt dissected 

further through the pectoralis profundus and latissimus dorsi border. Dissection 
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can continue cranio-dorsal at the caudal axillary region taking care to identify and 

avoid inadvertent damage to nerves and vascular structures. At this point, an 

axillary LN should be seen, but the brachial vein can be used as a landmark as 

the node is located immediately caudal to it. If an accessory axillary LN is present, 

it can be dissected following the lymphatic trunk located at the caudal aspect of 

the axillary node (Rehnblom et al., 2022). For both nodes, blunt and sharp 

dissection with or without the use of electrocautery can be performed for 

lymphadenectomy. Damage to the lateral thoracic, thoracodorsal, and 

intercostobrachial nerves is the most concern during axillary lymphadenectomy 

as they are located close to the LNs (Rehnblom et al., 2022). 

The ventral superficial cervical LN (previously known as the prescapular 

node) is bilaterally and comprised of a single node, or, in some dogs, 2 or 3 

nodes. It is located cranial to the shoulder joint at the subcutaneous tissues under 

the superficial muscles of the neck (Wright et al., 2016; Figure 18A). The 

superficial cervical artery and vein can be found at the caudal portion of the LN 

(Wright et al., 2016). If not enlarged, this LN is seldom palpated externally. The 

ventral cervical LN is the dominant pathway draining the forelimb along with the 

axillary LN (Suami et al., 2013).  

For lymphadenectomy of the ventral superficial cervical node, the patient 

is positioned in dorsal or dorsolateral recumbency with the forelimb reflected 

caudally to improve prescapular visualization. An incision is made cranial to the 

shoulder and extended cranially toward the omotransversarius muscle at the 

point medial to the scapula and lateral to the ribs. The LN is located medial to the 

superficial muscles of the neck, the omotransversarius, and the supraspinatus 

muscle (Wright et al., 2016). 
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Figure 18. Lymph nodes and lymph vessels of the canine forelimb. (A) Lateral 
view of the forelimb showing the lymph vessels draining the cranial aspect toward 
the superficial cervical lymph nodes (3 and 3’) and the accessory axillary lymph 
node (4). (B)  Medial view of the forelimb showing the lymph vessels draining the 
carpal (b and b’), elbow (a), and shoulder (c and c’) regions towards the axillary 
lymph node (d) (Adapted from the translated version of Dr. Hermann Baum’s 
article of 1918 by Dr. Monique Mayer and colleagues) 

 

2.5.6 Iliosacral Lymphatic Basin 

The iliosacral lymph center, also known as sublumbar LNs, includes the 

paired medial iliac and internal iliac (also known as hypogastric) and the sacral 

LN (Ganesan et al., 2016; Sutton et al., 2021; Figure 19). The sublumbar nodes 

drain the cutaneous and muscle tissues of the caudal abdomen, perineal and 

pelvic region including the pelvic limb and organs such as the colon, rectum, 
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anus, vagina, prostate, ureter, bladder, and urethra (Bezuidenhout, 2013; 

Ganesan et al., 2016). Most LNs of the iliosacral basin are paired, but anatomical 

variations can occur (Pugh et al., 1994; Bezuidenhout et al., 2013). Furthermore, 

unless considerably enlarged, iliosacral LNs cannot be evaluated through rectal 

palpation or externally by abdominal palpation and therefore imaging 

examinations are necessary to adequately assess this basin (Mayer et al., 2010). 

Several image techniques have been described to evaluate the sublumbar LNs, 

including CT, ultrasonography, and radiography (Turek et al., 2003; Llabrés-Díaz, 

2004; Palladino et al., 2016; Pollard et al., 2017; Murphy et al., 2020). 

The medial iliac LN is the largest sublumbar node, and it is located 

between the deep circumflex iliac and external iliac arteries at the level of the 5th 

and 6th lumbar vertebra where the aorta, caudal vena casa, and the psoas muscle 

forms a ruck (Evans and Lahunta, 2012; Bezuidenhout, 2013; Anderson et al., 

2015). It is most often located as a single paired LN, but two separate structures 

can be seen at one or both sides of the arteries in some animals. The medial iliac 

LN is the most evaluated RLN when regional metastasis of a perineal tumor is 

suspected (Chaffin et al., 2002; Williams et al., 2005; Llabrés-Díaz, 2004; Sutton 

et al., 2022). 

 The internal iliac LN is located caudal to the medial iliac nodes at the level 

of the 6th and 7th lumbar vertebrae between the median sacral and internal iliac 

arteries (Evans and Lahunta, 2012; Anderson et al., 2015). It is often single 

nodes, but some animals can have more than one (Evans and Lahunta, 2012). 

 The sacral LNs can be found caudal to internal iliac node just ventral to 

the sacrum and caudal vertebra close to the median sacral artery (Evans and 

Lahunta, 2012; Bezuidenhout, 2013). It is important to note that around 50% of 

dogs do not have the sacral LN (Evans and Lahunta, 2012). 

The anatomical location close to important large blood vessels (i.e., aorta, 

caudal vena cava, and external iliac arteries) of the medial iliac LN makes 

diagnostic techniques challenging due to the risk of hemorrhage (Steffey et al., 

2015; Lim et al., 2017). 

Resection of the medial iliac LN has been described through a 

conventional celiotomy or by laparoscopy (Steffey et al., 2015; Lim et al., 2017). 
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Exploration of the internal iliac and sacral LNs by laparoscopy is limited due to 

the generally small size of the nodes and difficulties to visualize caused by the 

abdominal fat and lack of adequate angle for laparoscopy camera and 

instruments (Lim et al., 2017). 

Despite the deep location close to important vascular structures, 

hemorrhage or other intraoperative or postoperative complications associated 

with the lymphadenectomy of the sublumbar LNs are uncommon and usually mild 

to moderate (Barnes et al., 2017; Tanis et al., 2022). However, dissection must 

be performed with caution as severe life-threatening bleeding can occur (Tanis 

et al., 2022). 



74 

 
Figure 19. Lymph nodes and lymphatic vessels of the abdominal cavity, pelvic 
region, and mesentery. a liver; b spleen; c pancreas; d jejunum; e ileum; f cecum; 
g colon; h right kidney; i aorta; k vena cava; l right adrenal gland; m lumbar 
musculature; n portal vein; o celiac artery; p cranial mesenteric artery; q 
mesentery with blood vessels; r depressor and s curvator muscles of tail; t deep 
circumflex iliac artery and vein. 1 right hepatic lymph node; 2 left hepatic lymph 
node; 3, 31 splenic lymph nodes; 4, 41, 42, 43 jejunal lymph nodes; 5 lumbar aortic 
lymph nodes; 6 right cranial lumbar aortic lymph node; 7, 71 medial iliac lymph 
nodes; 8 internal iliac lymph nodes (originally termed as hypogastric lymph 
nodes); 9 medial sacral lymph nodes; 10 lateral sacral lymph nodes; 11 lumbar 
trunk; 12 cisterna chyli; 13, 13, 13 lymphatic trunks from the viscera. (Adapted 
from the translated version of Dr. Hermann Baum's article of 1918 by Dr. Monique 
Mayer and colleagues) 
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2.5.7 Hindlimb Lymphatic Basin 

The popliteal LN is a single superficial node located at the subcutaneous 

fat between the medial aspect of the biceps femoris and the lateral of the 

semitendinosus muscle (Bezuidenhout et al., 2013; Figure 20A). At this point, 

both muscles diverge forming a depression where the LN lies (Wright et al., 

2016). The popliteal LN drains most of the hindlimb located distal to it, including 

the caudal half of the lateral stifle, lateral, cranial, and caudal tarsus, metatarsus, 

and phalanges (Bezuidenhout et al., 2013). In addition to the skin, the popliteal 

node also drains from the bones, such as the tibia, fibula, tarsal, metatarsal, 

phalanges, joints, and muscles (Bezuidenhout et al., 2013). Efferent lymphatic 

vessel from the popliteal LN usually drains to the medial iliac, superficial inguinal, 

internal iliac LN and, when present, to the femoral and external iliac (Pflug et al., 

1969; Schacher et al., 1972; Schacher et al., 1973; Smaropoulos et al., 2005; 

Bezuidenhout et al., 2013; Mayer et al., 2018). However, while drainage to the 

medial iliac LN seems to occur in all cases through medial thigh efferent vessels, 

the drainage to the superficial inguinal LN is less likely and controversial among 

studies (Pflug et al., 1969; Schacher et al., 1972; Mayer et al., 2018).  

Surgical access to the popliteal LN is performed with the animal in dorsal 

or lateral recumbency. An incision is made at the popliteal fossa between the 

muscles and just caudal to the stifle joint. The LN is usually palpated due to its 

superficial location and extensive dissection is generally unnecessary. The 

perinodal fat can be blunt and sharp dissected to allow proper visualization and 

the LN resected routinely (Wright et al., 2016). 

The distal femoral LN is not always present in dogs, but, when present, it 

is located at the level of the femoral vein between the sartorius and the gracilis 

muscles (Pflug et al., 1969; Schacher et al., 1972; Figure 20B). On the other 

hand, the external iliac artery is located at the ventral surface of the tendon of the 

psoas minor muscle (Pflug et al., 1969; Schacher et al., 1972) Both distal femoral 

and external iliac LN drains to the medial iliac LN (Mayer et al., 2018). 
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Figure 20. Lymph nodes and lymph vessels of the hindlimb. (A) Lateral view 
showing the lymphatic vessels of the dorsal-lateral aspect draining the 
metatarsal, tarsal and tibial region to the popliteal lymph node. (B) Medial view 
showing the lymphatic drainage of the medial aspect of the tibia and thigh to the 
femoral and inguinal lymph nodes. (Adapted from the translated version of Dr. 
Hermann Baum's article of 1918 by Dr. Monique Mayer and colleagues) 

 

2.5.8 Complications of Lymph Node Resection 

 Lymphadenectomy is not a simple procedure, and postoperative morbidity 

is expected. The main complications following lymphadenectomy are the 

increased risk for lymphedema, wound healing impairment and dehiscence, and 

still theoretical tampering of the immune response against the metastatic spread 

when an unaffected regional LN is resected (Bodenham et al., 1969; Baum et al., 

1973). Infection and seroma can also occur at the surgical site (Wright et al., 

2016). 
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 Other specific complications include the inadvertent resection of the 

salivary glands during head and neck lymphadenectomy; damaging of major 

blood vessels when dissecting head and neck or sublumbar LNs and nerve 

lesions when accessing the axillary node (Wright et al., 2016). 

 The lack of evidence of a clear benefit on the outcome is the main reason 

to contraindicate prophylactic lymphadenectomy for low-grade unaggressive 

cMCT (Bodenham et al., 1969; Baum et al., 1973; Sabattini et al., 2021). 

However, despite being highly relevant in human patients, complications of 

lymphadenectomy in dogs are usually mild and uncommon, which frequently 

encourages the surgeon to resection one or multiple LN even prophylactically 

(Sabattini et al., 2021) 
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3. CURRENT GAPS IN KNOWLEDGE 

 It is well-established that lymphatic metastasis is an important prognostic 

factor for canine cMCT, however, the role of detecting SLN and consequently 

removing metastatic LNs remains unclear. The filter barrier effect of the LN is well 

described in humans, however, despite some weak evidence that early 

lymphadenectomy may be beneficial, the role of extensive LN removal remains 

unknown. 

 There is a series of techniques described for SLN mapping in dogs. Some 

of them, such as the use of blue dyes, are currently used in routine practice for 

detecting SLN and aid surgeons during the intraoperative search. However, there 

are only a few studies evaluating other techniques that may improve precision 

and consequently staging, treatment and prognosis. Remains unclear whether 

these techniques are equivalent or superior to previous mapping ways. 

 There is also a concern about how metastasis is diagnosed after a LN 

sample has been collected. The Weishaar classification system still requires 

further validation regarding its clinical significance. Furthermore, the technique of 

slide cutting and processing also requires standardization. 
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4. HYPOTHESIS AND OBJECTIVES 

4.1. Hypothesis 

Considering that the use of intraoperative blue dye may miss the 

detection of other SLNs, such as those located in deeper tissues or the 

intracavitary ones. We hypothesized that radiographic indirect lymphography can 

be useful to aid the surgeon in precisely detecting SLNs before surgical 

procedure and thus removing SLNs, improving the accuracy of the number of 

LNs at risk of metastatic disease. Consequently, dogs bearing cMCT would be 

better staged and may experience a longer disease-free interval. 

 

4.2. General Objectives 

This thesis must achieve two main objectives: (1) Writing a descriptive 

review of the main aspects of the canine cMCT, lymphatic system, the 

mechanisms leading to lymphatic dissemination of cancer cells, a summary of 

the anatomy of the mains lymphatic basins, and the evidence available that 

supports the use of indirect lymphography in a clinical setting. (2) Conduct a 

prospective non-randomized clinical trial of dogs with cMCT that underwent both 

radiographic indirect lymphography and intraoperative patent blue SLN mapping 

followed by lymphadenectomy and histological evaluation. 

 

4.3. Specific Objectives 

Specifics objectives of this thesis include: 

• Determination of the agreement rate between preoperative iodized oil (IO) 

Indirect lymphography (IL) and Intraoperative patent blue (PB) SLN 

mapping in dogs with cMCT. 

• Determine whether IL is superior to IPB in detecting multiple SLNs at risk  

• Find a correlation between enlarged LN x contrast-enhanced LN pattern 

and/or PB dyeing pattern. 

• Define if the SLNs detected would be in an area distant from the surgical 

site of the primary tumor resection and would need a separate surgical 

approach to be accessed. 

• and finally, to determine if there are benefits of adding the IO IL to the 

staging protocol of dogs with cMCT.  
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Abstract 

Metastasis to sentinel lymph nodes (SLN) is the main route to systemic 

dissemination of cutaneous mast cell tumor (cMCT), one of the most common 

skin cancers in dogs. Early detection of lymph node metastasis is crucial to 

correctly stage and treat dogs with cMCT. However, the SLN is widely variable 

among individuals and anatomic sites. The objective of the study was to evaluate 

the role of iodized oil (IO) indirect lymphography (IL) combined with patent blue 

(PB) colorimetric method in detecting SLN in dogs with naturally occurring cMCT. 

Twenty-three dogs were enrolled in the prospective study. IO IL detected 29 
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contrasted SLN in 19 dogs while PB detected 26 SLN in 19 dogs. In each method, 

4 dogs have no lymph node detected. Thirty-one lymph nodes were resected in 

20 dogs, of which 10 were metastatic. Laparotomy was necessary to remove 

opacified iliac lymph nodes in 26% of the dogs. The rate of agreement between 

IO IL and patent blue with regional lymph nodes was 82.6%. The rate was 78.2% 

when comparing IL and patent blue. Only one dog had a draining SLN different 

from the regional lymph node as detected by IL. In a clinical setting, IO IL was 

responsible to increase the number of resected lymph nodes by 41% (29% of the 

resected SLN). There was no difference in detected SLN by PB and IO IL in the 

base scenario (p=0.1855), however, in a clinical scenario, there was a significant 

difference favoring IL (p=0.0081). Unequally opacified SLN could not be 

significatively associated with metastasis (p=.2264). The same occurred with 

light-blue color SLN (p=.6673). However, tumor size was significative higher in 

dogs with lymph node metastasis (p=.0456). Enlarged lymph nodes had a 4.6-

fold more risk of being metastatic than non-palpable/normal-sized nodes 

(p=.0374). The SLN mapping was responsible for 62.5% of the postoperative 

indications of adjuvant chemotherapy, however, only one case was indicated 

solely by the IL. However, 60% of dogs with metastatic disease had an 

intracavitary metastatic SLN that could only be detected preoperatively by IL. 

Preoperative IO IL associated with patent blue is an efficient method to detect 

SLN in cMCT undergoing curative surgery. IL increases the rate of SLN detected 

in a clinical setting. The pattern of SLN opacification should not be used to predict 

metastasis. 

 

Keywords: Surgical Oncology; Lymphatic Metastasis; Lymphadenectomy; 

Mastocytoma; Oncologic Staging 

 

1. INTRODUCTION 

The cutaneous mast cell tumor (cMCT) is the most diagnosed skin tumor 

in dogs (Sledge et al., 2016; Kiupel et al., 2019; Willmann et al., 2021). The 

lymphatic system is the main pathway for cMCT to spread, which makes lymph 

nodes (LN) evaluation an essential aspect of MCT staging (Kiupel et al., 2019). 

LN metastasis is a well-established predictor of negative prognosis in cMCT, as 



125 

 

it highly increases the risk of distant metastasis (Cahalane et al., 2004; Murphy 

et al., 2006; Thamm et al., 2006; Hayes et al., 2007; Krick et al., 2009; Hillman et 

al., 2010; Hume et al., 2011; Blackwood et al., 2012; Warland et al., 2014). Also, 

dogs with LN metastasis must receive adjuvant chemotherapy after surgical 

resection of the primary tumor (Blackwood et al., 2012; Warland et al., 2014; 

Oliveira et al., 2020). 

LN staging and removal are crucial steps in establishing the prognosis and 

treatment of cMCT (Krick et al., 2009; Ferrari et al., 2018; Lapsley et al., 2020) 

LN resection is so important for cMCT treatment that even prophylactic 

lymphadenectomy in low-grade cMCT seems to be associated with a lower risk 

for disease progression (Sabattini et al., 2021). However, relying only on clinical 

examination to detect LN at risk of metastasis is not reasonable as a retrospective 

study found a 65% rate of pre-metastatic or metastatic disease in non-palpable 

or normal-sized LNs (Ferrari et al., 2018). Some authors recommend that early 

detection of LN metastasis should be performed in all dogs with cMCT, regardless 

of grade (Blackwood et al., 2012; Ferrari et al., 2018; Kiupel et al., 2019; 

Willimann et al., 2021). 

 A remarkable consideration that is usually underrated in most situations is 

the possible metastatic drainage to unusual LN. Metastasis of cMCT has been 

described to drain to colic, medial iliac, and accessory axillary LN (Fournier et al., 

2020). Thus, detecting which LN should be sampled or removed is often 

challenging, as the locoregional node close to the tumor site may not be the 

draining one (Kiupel et al., 2019; Liptak et al., 2019). A non-selective dissection 

of the LN is the practice of removing the locoregional node that normally drains 

the tumor site (Liptak et al., 2019). However, a study found that about 40% of the 

draining nodes would be missed considering only non-selective resection (Worley 

et al., 2014). On the other hand, removing the regional LN with evidence of 

metastatic cMCT was associated with a better prognosis (Marconato et al., 2018).  

The concept of sentinel lymph node (SLN) aroused with the promise of 

aiding the surgeon in the decision-making process of which LN should be 

removed (Liptak et al., 2019). SLN is the first draining LN to drain a tumor in a 

specific region (Liptak et al., 2019). The SLN theory relies on the fact that is 

extremely rare to find metastasis on LN further on the basin if the first draining 
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node were negative (Liptak et al., 2019). In human patients with malignant thyroid 

and breast cancer, the rate of distant metastasis simultaneously with negative 

SLN was less than 0.1% (Turner et al., 1997; Balasubramanian et al., 2011).  The 

orderly progress of the lymphatic metastasis from one LN to another makes the 

SLN a physical barrier to the dissemination of neoplastic cells for secondary 

nodes and, ultimately, to distant organs (Wong et al., 1991; Giuliano et al., 1994; 

Morton et al., 2005; Somasundaram et al., 2007; Cochran et al., 2008; 

Balasubramanian et al., 2011). Once SLN were free of metastasis, it was not 

necessary to pursue other basins LN, reducing surgical time and postoperative 

morbidity ((Wong et al., 1991; Morton et al., 2005; Cochran et al., 2008; Morton 

et al., 2012; Liptak et al., 2019). 

Detection of the SLN is not a straightforward procedure, as lymphatic 

drainage is naturally variable among individuals and even more unpredictable in 

the presence of a neoplasm (Thompson et al., 1999; Herring et al., 2002; Smith, 

2002; Lurie et al., 2006; Gelb et al., 2010; Suami et al., 2013; Worley, 2014; Liptak 

et al., 2019). The use of lymphoscintigraphy in a study of cMCT found that 42% 

of the dogs had a SLN different from that expected to drain the tumor region 

(Worley et al., 2014). Several techniques have been evaluated for SLN mapping 

in both humans and animals. The injection of blue dyes, such as patent blue (PB), 

methylene blue, or isosulfan blue is the simplest and most widely used SLN 

mapping technique, as it is a colorimetric method that allows intraoperative 

visualization of both afferent lymphatic vessels and the draining LN (Worley et 

al., 2014; Beer et al., 2018; Liptak et al., 2019). Despite being essential during 

surgery, colorimetric methods fail to inform the surgeon of how many, and which 

LNs must be accessed as it depends exclusively on intraoperative visualization 

(Somasundaram et al., 2007). This fact led to a rate of false-negative as high as 

86% when using only blue dyes as the SLN mapping technique (Qiu et al., 2018). 

The combination of the colorimetric method with preoperative or 

intraoperative lymphoscintigraphy or near-infrared imaging arose as the gold-

standard SLN mapping technique in humans (Balogh et al., 2002; Kim et al., 

2006; Niebling et al., 2016). However, special facilities, equipment, and nuclear 

waste management preclude their wide use in animals (Beer et al., 2018; Liptak 

et al., 2019). Radiographic and CT indirect lymphography (IL) emerged as 
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adequate alternatives for preoperative SLN mapping (Patsikas et al., 2010; 

Mayer et al., 2013; Brissot et al., 2017; Beer et al., 2018; Liptak et al., 2019; 

Lapsley et al., 2020). IL uses a peritumoral injection of iodized oil (IO) or 

hydrosoluble contrast agents to detect SLN through simple radiographic or CT-

scan, respectively (Brissot et al., 2017; Soultani et al., 2017; Majeski et al., 2017; 

Grimes et al., 2017; Beer et al., 2018; Liptak et al., 2019; Lapsley et al., 2020). 

IO IL can also be associated with blue dyes to allow both preoperative and 

intraoperative SLN mapping simultaneously (Brissot et al., 2017; Liptak et al., 

2019). 

IL has been recently evaluated for SLN mapping in canine cMCTs and 

other tumors (Mayer et al., 2013; Worley et al., 2014; Brissot et al., 2017), but the 

retrospective nature of the studies and inclusion of other tumor types impaired 

draw cMCT specific conclusions. The primary objective of this study is to 

determine the agreement between radiographs IL with lipiodol, and intraoperative 

SLN mapping with PB in dogs with cMCT. We hypothesize that IL would detect 

more SLN than intraoperative PB. The secondary objective included the following 

hypothesis: (1) indirect lymphography would detect intracavitary LNs that are not 

usually investigated or accessed through superficial surgery for skin tumors; (2) 

Pattern of IO and PB drainage would be associated with metastatic LN disease; 

(3) Clinicopathological variables would be associated with locoregional 

metastatic disease. 

 

2. METHODS 

2.1. Pilot Study 

To base the following research, a pilot study was conducted on a dog with 

cMCT using the same methodology described further. Radiographs were taken 

10 minutes after peritumoral injection of IO. In this dog, the afferent lymphatic 

vessels could be seen draining from the tumor site (scrotum) toward both inguinal 

SLN that were unequally opacified (Figure 21A). Twenty-four hours after IO 

injection, the afferent lymphatic vessels could not be seen, and both right and left 

inguinal were uniformly contrasted. In addition to the SLN detected initially, the 

right medial iliac LN was also uniformly opacified after 24 hours (Figure 21B). 
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Figure 21. (A) A pilot radiographic study (Ventral pelvic view) of Case #6 was 
performed 10 minutes after peritumoral injection (Scrotum) of iodized oil. Afferent 
lymphatic vessels can be seen draining the tumor site toward both inguinal lymph 
nodes. The contrasted signal at the left bottom side is a plate artifact. (B) 
Radiographic study 24 hours after peritumoral injection of iodized oil. Afferent 
lymphatic vessels cannot be seen, but both inguinal and right iliac lymph nodes 
exhibit a uniform opacification. 

 

2.2. Study Design and Patient Selections 

This study was approved by the Ethics Committee on Animal Use 

(CEUA/FMVZ-UNESP – Protocol n. 0195/2020 and CEUA/SCA-UFPR – Protocol 

n. 057/2020) according to the Brazilian Law decree 11,794/2008, 6,899/2009. 

and by rules of the Conselho Nacional de Controle da Experimentação Animal 

(CONCEA). The study was conducted at the Veterinary Teaching Hospitals of the 

Universidade Federal do Paraná (Curitiba - Brazil) and Universidade Estadual 

Paulista (Botucatu – Brazil). 

This was a prospective clinical study of a cohort of client-owned adult dogs 

with the diagnosis of primary naturally occurring cMCT. Dogs bearing 

cytologically confirmed cMCT amenable to curative-intent surgical resection and 
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no clinical or imaging evidence of distant metastasis were enrolled between 

March 2021 and January 2022. 

Each dog underwent routine staging procedures, including an oncological 

clinical evaluation, a complete physical examination, fine needle aspirate biopsy 

and cytology for tumor triage, complete blood count, serum biochemical profile, 

abdominal ultrasound, and 3-view thoracic radiographs. Those dogs with a 

known sensibility to contrast agents or renal disease, previous surgery close to 

the tumor site, recurrence or bearing subcutaneous, mucosal, mucocutaneous, 

extracutaneous/extramucosal MCT, mast cell leukemia (according to Willmann 

et al., 2021) or other tumor type were excluded. All clients signed informed 

consent before dogs were enrolled in the study. 

Collected clinical variables included: (1) Longest diameter, in centimeters 

and subclassified in > 3cm or < 3 cm; (2) primary tumor location, subdivided into 

High risk (i.e., head and neck, inguinal, scrotal, perivulvar, or perineal) or low risk 

(i.e., thorax, abdomen, and limbs, except for digits) sites; (3) Presence of 

ulceration; (4) presence of  Darier’s sign; (5) Locoregional LN with the highest 

probability to be the SLN according to Suami et al., (2013); (6) Subjective 

superficial LN sizes as determined by palpation, subclassified in increased, 

normal or non-palpable; 

 

2.3. Indirect Lymphography 

An Iodized Oil (IO; Lipiodol® Ultra-Fluid, iodized ethyl-esters of the fatty 

acids of poppy seed oil, iodine 480mg/ml; Guerbet Ltda, Brazil) was used for IL. 

Intradermal injection of 2 ml of IO was performed with a 24 G needle attached to 

a 1 ml syringe into four quadrants (0.5 ml per quadrant), around the tumor. 

Injections were performed 0.5 to 1 cm away from the tumor to avoid penetration 

of the tumor capsule. Also, all injection sites were double-checked before 

application to avoid inadvertent intravascular injection. The injection sites were 

carefully massaged to stimulate IO absorption into lymphatic vessels. In cases 

where physical restrain was insufficient for intradermal injection, sedation was 

provided. For dogs with multiple tumors, the largest one was considered the 

object of interest for SLN mapping. 
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Dogs were evaluated by a clinician for immediately post-injection reaction 

during the first 10 minutes and by the owner thereafter. Any owner-reported side 

effect was noted.  

Two or three-view radiographs of the tumor site and adjacent regions were 

performed 24 hours after IO injection and immediately before surgery to identify 

the location and number of contrasted-enhanced LNs. LN contrast-uptake 

(opacification) was classified as uniform (well-defined edges and homogeneous 

opacification), unequal (poorly defined edges and uneven opacification), or 

absent (no contrast uptake) as described previously (Mayer et al., 2013). 

 

2.4. Intraoperative SLN Mapping 

Immediately after radiographs, the dogs underwent general anesthesia for 

surgical procedures. Patent blue (PB; 25mg/ml; Guerbet, Brazil) was injected 

around the tumor using the same criteria for lipiodol injection, 15 minutes before 

the first incision, totalizing 1 ml per dog. All contrasted and/or blue-colored SLN 

were accessed with intention of lymphadenectomy. When no additional incision 

was required (e.g., iliac, aortic, inguinal LN), the contralateral local LN that did 

not contrast was visualized during surgery to ensure it was not blue-colored. In 

the absence of both SLN mapping contrast and color, a non-selective dissection 

of the RLN was performed based on the previous description of normal dog 

lymphatic territories (Suami et al., 2013). A subjective visual scale (Dark Blue, 

Light Blue, or absent) was used to rate the degree of PB uptake as a previous 

description (Brissot et al., 2017). 

 

2.5. Surgical Resection and Histological Evaluation 

All dogs received appropriate anesthetic and analgesic protocols as 

determined by the responsible anesthesiologist. All surgical procedures were 

performed under general anesthesia and in a single step. Surgical resection of 

the primary cMCT included 1 to 3 cm of healthy tissue around the palpable tumor 

for lateral margins and 1 fascial plane for deep margins. Clean instruments and 

gloves were used when LN resection was performed after surgical resection of 

primary cMCT to avoid seeding neoplastic cells to LN sites. In cases where 
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abdominal lymphadenectomy was required, laparotomy was performed before 

cMCT resection. 

Lymphadenectomy was performed through a midline or over the node 

incision and using sharp and blunt dissection. The blood vessels were ligated 

using 3-0 or 4-0 PDS or coagulated using an electrosurgical device. 

Intraabdominal LN was accessed through an abdominal ventral midline approach 

and dissected using blunt and digital dissection and bleeding was controlled using 

digital compression. Wound closure was performed routinely.  

All tissue samples were fixed in 10% neutral-buffered formalin and 

paraffin-embedded following routine histological processing, tumor, and margin 

examination. All samples were stained with hematoxylin-eosin and toluidine blue. 

The cutaneous nature of MCT was confirmed on histology and primary cMCT 

was graded according to 3-tier Patnaik (Patnaik et al., 1984) and 2-tier Kiupel 

(Kiupel et al., 2011) grade systems. Margins were classified as incomplete when 

there were neoplastic mast cells at the cutting edge of the sample and complete 

when there were no neoplastic cells at the border (histologic tumor-free margin 

>0mm). The LN were histologically evaluated for MCT metastasis graded 

according to Weishaar et al. (2014) HN0-3 system. Locoregional metastasis was 

defined as HN ≥1 (i.e., pre-metastatic, early, and overt metastasis). 

Dogs were evaluated 24h, 48h, and 14 days after surgery for lymphedema, 

suture dehiscence, and any postoperative complication. Once the dogs were fully 

recovered from surgery, they were free to pursue further therapy as decided by 

the clinical oncologist and owner. Adjuvant therapies were indicated in cases of 

grade III/high-grade MCT and locoregional metastasis. Scar revision surgery was 

indicated in incompletely resected tumors. The percentage of dogs whose 

adjuvant treatment indication changed because of SLN mapping with IO IL or PB 

colorimetric method was recorded. 

 

2.6. Sample Size and Statistical Analysis 

A sample size of 17 animals was estimated to detect a difference of 42% 

considering a null hypothesis of 0%. The 42% disagree rate between locoregional 

and SLN on canine cutaneous MCT using scintigraphy was used to base the 
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sample size (Worley et al., 2014). The calculation was performed for a power of 

0.95 and resulted in an actual α of 0.0245. Considering 15% of friction, the 

minimum sample size was increased to at least 20 dogs. The sample size was 

calculated using an a priori test of proportion for a difference of constants 

(Binominal, one sample case) in the software G*Power 3.1.9.7 (Universität 

Düsseldorf). 

To adjust the results of the study from a clinical perspective, an analysis 

that excluded the deep-located SLN from the PB group was performed, 

considering that if they colored by PB, they could only be detected as SLN by the 

IO LN. This group of results was named "Clinical Scenario”, to differentiate from 

the results of the “Experimental Scenario”.  

Continuous variables were described by mean ± standard-deviation (SD) 

or median (range), as appropriate; categorical variables were represented by 

count and percentage. Normality was evaluated by the Shapiro-Wilk test. The 

difference between the number of SLN detected by IO IL and PB was compared 

using a paired T-test. Differences between SLN IO opacification and pattern of 

PB drainage as well as the association between clinicopathological variables (i.e., 

cMCT site, 3-cm size cut-off, presence of deep invasion, Darier sign, and LN size) 

and LN metastasis were tested by Fisher exact test. Also, sensitivity, specificity, 

positive predictive value, and negative predictive value on the prediction of 

locoregional metastasis were calculated. cMCT size as a continuous variable was 

compared between normal and metastatic dogs using an unpaired t-test. The 

95% confidence interval (CI) was calculated by the Koopman asymptotic score 

method for relative risk and the Wilson-Brown method for sensitivity and 

specificity. Two-tailed value of p<0.05 was considered statistically significant. 

GraphPad Prism software version 8.0.1 (GraphPad Software Inc.) was used for 

data analysis. 

 

3. RESULTS 

3.1. Patient and MCT Characteristics 

Twenty-three dogs met the inclusion criteria and comprised the study 

population. Table 1 summarizes the demographic data of the cohort. All cMCTs 

could be diagnosed by cytology following fine needle aspirate biopsy. Solitary 
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cMCT occurred in 21 dogs and 2 dogs had one more concurrent cMCT in a 

different body area. For these 2 dogs, the largest tumor was considered the main 

MCT for SLN evaluation. The additional cMCT (n=2) were located at the 

contralateral hindlimb (case #3) and abdominal flank (case #11). Except for one 

dog with III-high-grade MCT (Case #23), all other cMCTs (n=22) were II-low 

grade as determined by histology after surgical resection.  

 

Table 5. Demographic informations and tumor characteristics of 23 dogs with 
cutaneous mast cell tumor that underwent sentinel lymph node mapping with 
preoperative indirect lymphography using iodized oil and intraoperative patent 
blue colorimetric method. 

Parameter Value 

Age 7.6 ± 2.5 years (range, 2 – 11 years) 
Bodyweight 19.5 ± 8.8 kg (range, 5 – 35 kg) 
Sex  

Female 12 (52.2%) – 9 spayed 
Male 11 (47.8%) – 5 neutered 

Breed  
Mixed Breed 10 (43.5%) 
Pittbull 4 (17.4%) 
Labrador Retriever 2 (8.7%) 
Boxer 2 (8.7%) 
Lhasa Apso 1 (4.3%) 
Maltese 1 (4.3%) 
Shih Tzu 1 (4.3%) 
Pug 1 (4.3%) 
French Bulldog 1 (4.3%) 

MCT Location  
Hindlimb 12 (52.1%) 
Forelimb 5 (21.7%) 
Thorax 3 (13%) 
Scrotum 2 (8.7%) 
Abdomen 1 (4.3%) 

MCT Size  
Long Axis 2.84 ± 1.96 cm (range, 0.8 – 9.8) 
Short Axis 2.37 ± 1.58 cm (range, 1 – 8.5) 
Height 1.52 ± 0.93 cm (range, 0.3 – 4.5) 
Volume 27.16 ± 76.91 cm³ (range, 0.43 – 374.9) 

Macroscopic Aspects  
Darrier’s Sign 4 (17.4%) 
Deep Tissue Invasion 6 (26.1%) 
Ulceration 0 (0%) 

Clinical Signs  
Symptomatic 0 (0%) 
Asymptomatic 23 (100%) 
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Twelve dogs had the superficial inguinal as the RLN (52.2%), 5 had the 

ventral superficial cervical (21.7%), 4 the axillary (17.4%), and 2 the popliteal 

(8.7%). Clinical examination detected 26.1% (n=6) of the RLNs were enlarged, 

21.7% (n=5) were normal size and 52.2% (n=12) could not be palpated. Four 

dogs that had tumors located at the midline, both sides LNs were considered the 

draining LN. All bilateral RLNs in these cases had the same pared status on 

clinical examination (i.e., Case #6 with bilaterally enlarged LNs and Case #11, 

#13, and #20 whose both LN could not be palpated). There was no evidence of 

distant metastasis after survey image examinations in all dogs. 

 

3.2. Indirect Lymphography Mapping 

IO injection and indirect radiographic lymphography mapping were 

performed in solitary MCT (n=21) or the main MCT (n=2) in dogs with multiple 

lesions. No dog had an immediate reaction to the peritumoral injection of lipiodol. 

There was no systemic sign of MCT degranulation; however, 2 dogs (8.7%) had 

mild hyperemia around the injection sites (Figure 21). These local reactions did 

not cause any disturbance and were resected along with the tumor margins 24 

hours after injection. 
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Figure 22. Local mild hyperemia was seen 24 hours after peritumoral intradermal 
injection of iodized oil (Case #1). 

 

IL identified 29 contrasted SLN in 19 dogs. No contrasted SLN was found 

in 4 (17.4%) dogs. The mean and median contrasted SLN was 1.2 ± 0.81 and 1 

(range, 0 – 3) per dog, respectively. Among the dogs that had contrasted LNs, 

52.6% (n=10) dogs had only one opacified SLN, 42.1% (n=8) had two, and 5.2% 

(n=1) had three. Regarding the contrast-uptake pattern, 41.3% (n=12) of the SLN 

were uniformly opacified and 58.6% (n=17) uniquely opacified. 

Superposition of the contrasted inguinal LN to the femur (lateral-lateral 

views), or pelvis (dorsal-ventral view) occurred in 7/14 (50%) of the contrasted 

inguinal LN (Figure 23A and B). Also, there was a superposition of the contrasted 

iliac LNs to the vertebrae in 4/6 (66.6%) dogs. When a discrete uniquely SLN 

contrast occurred in association with superposition to osseous structures careful 

attention to the radiographs was necessary as demarcation could be easily 

missed (Figure 23C and D). Lateral radiographs confirmed SLN opacification, but 

attention was still required to not miss unequally contrasted nodes (Figure 23E). 
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Figure 23. Radiographic images of SLN superposition to osseous structures and 
gastrointestinal viscera. (A and B) Lateral view of an unequally opacified inguinal 
lymph node (Case #3) superposed to the femur middle shaft (White blank arrow) 
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and after a caudal extension of the forelimbs (White solid arrow). (C and D) 
Ventral view of an unequally opacified iliac lymph node (Case #13) superposed 
to the left lateral aspect of L6 and colon fecal content (Black blank arrow). (E) 
Lateral view of the same iliac lymph node exhibiting a patchy opacification (Black 
dashed arrow). 

 

3.3. Intraoperative Patent Blue Colorimetric Mapping 

Intraoperative SLN mapping with PB detected 26 LN in 19 dogs. A mean 

of 1.1 ± 0.69 and a median of 1 (range, 0 – 2) per dog. Intraoperative PB drainage 

also demarcated afferent lymphatic vessels that aided the surgeon in locating the 

SLN (Figure 24A and B), even when an intracavitary search was conducted due 

to IO IL contrast uptake (Figure 24C and D). Seven dogs (36.8%) had two blue-

colored SLN, while the remaining (n=12; 63.2%) had only one SLN. Among the 

blue-colored LNs, 18 (69.2%) were dark blue (Figure 24E) and 8 (30.8%) light 

blue. There was no LN PB uptake in 4 dogs (17.4%) (Figure 24F). 

When considering a clinical scenario that excluded PB-colored deep 

located LN, only 21 LN in 19 dogs could be detected by the PB method. A mean 

and median of 0.9 ± 0.5 and 1 (range, 0 – 2) per dog.  

There was no PB-associated adverse event detected. A dog that had 

systemic absorption of blue dye developed blue-colored mucosa and skin that 

resolved spontaneously in 36 hours (Case #7). Except for interfering with the 

evaluation of pulse oximetry measurements in this dog, PB injection did not cause 

any concern or require treatment. All dogs had blue-colored urine during the first 

24-48 hours after surgery, but it was also self-limiting and did not cause any 

disturbance. 
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Figure 24. Intraoperative patent blue colorimetric method for sentinel lymph node 
mapping. (A and B) Axilar dissection through the incision was previously 
performed for tumor resection (Case #4). Afferent lymphatic vessels (dashed 
white arrow) and the axillary lymph node site (blank white arrow before dissection 
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and solid white arrow after dissection) with dark blue color can be seen. Spillage 
of patent blue can be seen on the tissues around the lymph node. (C) Median 
laparotomy view of Intraabdominal blue-stained afferent lymphatic vessels 
draining toward the iliac lymph node (Case #5). (D) Dark-colored iliac lymph node 
before dissection of perinodal fat. (E) Dark-colored inguinal lymph node (Case 
#6) (F) No patent blue uptake by an inguinal lymph node 

 

3.4. Surgical Procedures 

MCT resection and lymphadenectomy were attempted in all 23 dogs. 

However, surgeons could not locate and consequently resect the SLN in 3 out of 

23 of the dogs (13%). All unresected SLN were the axillary LN. The inability to 

find and resect the axillary LNs were caused by its non-palpable size associated 

with the absence of PB uptake (Cases #13, #19, and #20). In two of these dogs, 

IO IL also failed to contrast the SLN (Case #13 and #20). On the other hand, the 

inguinal and popliteal LN could be resected in two dogs (Case #1 and #3) even 

when both methods failed. 

A total of 31 LNs were removed in 20 dogs, with a mean and median of 

1.34 ± 0.77 and 1 (range 0 – 3) per dog, respectively. In 2 dogs (10%), LN 

resection was bilateral, with both right and left inguinal LN removed 

simultaneously (Cases #6 and #11). In other 9 dogs (34.7%; Cases #1, #5, #6, 

#7, #9 #10, #11, #12, #14) surgeons were able to visualize the contralateral LN 

(inguinal [n=9] and iliac [n=8]) through the same surgical access to guarantee 

there were not bilaterally blue-dyed. The resected LNs were as follows: 16 

(51.6%) inguinal LN, 6 (19.3%) medial iliac LN, 5 (16.1%) ventral superficial 

cervical LN, 2 (6.4% axillary, and 2 (6.4%) popliteal LN. Six dogs (26%) required 

a laparotomy to have one medial iliac LN resected. Intracavitary 

lymphadenectomy occurred uneventfully as there was no LN adhered to vascular 

structures. The addition of a laparotomy incision to access abdominal LN required 

changing of recumbency and increased the intraoperative time (not measured). 

However, it did not result in increased morbidity as no dog experienced adverse 

events related to the procedure.  

Suture dehiscence of the tumor resection incision (n=5/23; 21.7%), 

lymphedema (n=2/20) of the hindlimb (n=1/12) and forelimb (n=1/5), edema of 

lymphadenectomy incision site (n=1/20), and seroma (n=1/23) occurred. Except 
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for suture dehiscence that required second-intention healing, all other 

complications were mild and self-limiting. 

 

3.5. Agreement of IL, PB and expected SLN 

The IO IL SLN mapping agreed with the expected SLN based on lymphatic 

territories (RLN) in 19 out of 23 dogs (82.6%). Of the 4 dogs in which IL disagree 

with the expected SLN, 3 of them had no LN contrasted. The remaining dog 

(Case #3) had a tumor caudolateral to the tibia draining to the right inguinal LN 

rather than the right popliteal LN. Moreover, IL could detect more than one SLN 

in 8 out of 23 dogs (34.7%). These additional SLN were the medial iliac (n=6) in 

dogs whose cMCT should drain to the inguinal LN (i.e., lateral thigh [n=2], knee 

[n=1], flank fold [n=2], and scrotum [n=1]), and the inguinal in a dog with a tumor 

at the dorsal tarsus, expected to drain to the popliteal LN (Case #17), and the 

axillary in a tumor at the dorsal carpus, that should drain to the ventral superficial 

LN (Case #15). 

The rate of agreement of PB colorimetric method and locoregional 

expectation of SLN was 82.6% (n= 19/23) dogs. All four cases in which PB 

disagreed with the expected SLN were caused by the absence of PB uptake by 

the LNs. It is important to note that 6 out of 23 dogs (26.1%) had two SLN draining 

PB from the tumor. However, in 5 of these 6 dogs, the additional SLN was iliac, 

which could only be found because of previous contrast uptake seen during IL 

and, otherwise, would not be visualized. A cMCT (Case #17) had simultaneous 

drainage of PB to the popliteal (expected) and inguinal LN (extra SLN). In a dog 

(Case #11) in which bilateral drainage was expected, PB drained only to the left 

inguinal LN. 

 

Table 6. Summary of lymph nodes detected by each method and the 
corresponding rate of agreement. RLN = Regional Lymph Node; PB Method 
=Patent Blue Colorimetric Method; IO IL = Iodized Oil Indirect Lymphography; LN 
= Lymph node; SLN = Sentinel Lymph Node; VSC = Ventral Superficial Cervical 
Lymph node; n = Number; * = Excluding all medial iliac lymph nodes 

 RLN PB Method IO IL Resected LN 

n of LN Detected     
Base Scenario 27 (100%) 26 (100%) 29 (100%) 31 (100%) 
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Clinical Scenario 27(100%) 21* (-19.2%) 29 (100%) 31(100%) 
LN Detected     

Inguinal 14 (51.8%) 14 (53.8%) 14 (48.2%) 16 (51.6%) 
Medial Iliac 0 (0%) 5 (19.2%) 6 (20.6%) 6 (19.3%) 
VSC 5 (18.5%) 5 (19.2%) 5 (17.2%) 5 (16.1%) 
Axillary 6 (22.2%) 1 (3.8%) 3 (10.3%) 2 (6.4%) 
Popliteal 2 (7.4%) 1 (3.8%) 1 (3.4%) 2 (6.4%) 

LN Status     
HN0 16 (59.3%) 18 (69.3%) 18 (62.1%) 21 (67.7%) 
HN≥1 6 (22.2%) 8 (30.7%) 10 (34.4%) 10 (32.2%) 
Not resected 5 (18.5%) 0 (0%) 1 (3.4%) - 

Unexpected SLN  6 9 - 
Rate of Agreement     

With RLN  82.6% 82.6%  
With PB   78.2%  

 

When comparing the IL SLN with PB mapping, there was an agreement in 

18 out of 23 dogs (78.2%). Three dogs (Cases #1, #13, and #20) that 

simultaneously failed to opacify and blue color were considered an agreement. 

In the five dogs in which IL and PB disagreed, four (20%) favored the IO IL, as 

there was no PB uptake or IL detected an additional SLN (Case #6, #11, #15, 

and #19). The other favored PB as there was no contrast uptake (Case #8).   

In summary (Table 5), of the total LN resected (n=31), 80.6% (n=25) were 

identified as SLN by both IL and PB, 12.9% (n=4) by IL only, and 3.2% by PB 

only (n=1). There was no statistical difference between both techniques in the 

number of detected SLN (P=.1855). However, when considering a clinical setting 

in which intracavitary LN would not be surgically accessed to confirm PB uptake 

(Case #5, #6, #7, #9, #10, #11, and #12) and cases of PB failure (Case #15 and 

#19), IO IL mapping was responsible for 29% (n=9 of 31) of the SNL resected, a 

41% increase when comparing to PB colored superficial LN only. In this clinical 

scenario, the IO IL significative detected more SLN than the PB technique 

(P=.0081). 

 

3.6. Drainage Patterns and Metastasis 

In 3 of the 23 dogs, the SLN could not be found or resected, and histology 

could not be carried out. SLNs were metastatic (HN ≥1) in 6 out of 20 dogs (30%) 

or 10 out of 31 SLN resected (32.2%) Seven (70%) of these were classified as 
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overt metastasis (HN3), two (20%) as early metastasis (HN2) and only one (10%) 

as a pre-metastatic stage (HN1). In the remaining cases (n=21), LN was free of 

metastatic disease (i.e., HN0 and/or reactive). Among the intracavitary LN 

resected (n=6), half of them (n=3) were HN≥1, and the other half were considered 

non-metastatic (HN0). 

In a dog with cMCT at the dorsal tarsus (Case #17), the popliteal LN was 

metastatic (HN2) while the ipsilateral inguinal LN was reactive. Both LN 

contrasted on IL and colored on blue dye mapping but diverged in histological 

status. Another dog with a caudal thigh cMCT (Case #7) had both inguinal and 

iliac LN contrasted and blue-dyed, but only the iliac was metastatic (HN1). Except 

for these two dogs, all other cases in which multiple SLNs were detected and 

resected had the same paired histologic status (3 metastatic [HN3] and 8 normal 

[HN0]) 

Among the HN≥1 LN (n=10), 8 (80%) were unequally contrasted on 

indirect lymphography and only two (20%) were uniformly contrasted. 

Considering the normal SLN (HN0) that contrasted on IL (n=18), 50% (n=9) and 

50% (n=9) were unequally and uniformly contrasted, respectively. Three normal 

SLN (9.6%) did not contrast. There was no significant difference between 

metastatic and normal SLN considering the contrasting pattern (p=.2264). Using 

unequally contrasted SLN to predict locoregional metastasis had an 80% 

sensitivity (95% CI, 49 to 96.4%) and 50% specificity (95% CI, 29 to 71%). 

Positive predict value and negative predictive value were 47% (95% CI, 26.1 to 

69%) and 81.8% (95% CI, 52.3 to 96.7%), respectively. There was a 2.6-fold 

(95% CI, 0.81 to 9.8) increased risk for metastasis if the SLN were unequally 

contrasted. 

A similar result occurred when comparing light and dark blue colored SLN. 

There was no difference between both colors and locoregional metastasis 

(p=.9999). A sensitivity of 70% (95% CI, 39.6 to 89.22%) and specificity of 27.7% 

(95% CI, 12.5 to 50.8%) was found. Positive predict value was 35% (95% CI, 

18.1 to 56.7%) and negative predictive value was 62.5% (95% CI, 30.5% to 

86.3%). Among the blue colored SLN (n=26), 18 were dark blue with 7 (27.7%) 

metastatic and 13 (72.2%) normal/reactive. Light blue SLN occurred in 8 cases, 

with 5 (62.5%) normal and 3 (37.5%) metastatic. 
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Table 7 summarizes all patients and their respective results. 

There were no association between opacification pattern and color 

(p=.9999), since there were 4 unequal-light (14.8%), 13 unequal-dark (48.1%), 3 

uniform-light (11.1%), and 7 uniform-dark LN (26%). 

There was a significant difference in tumor size between dogs with normal 

and metastatic SLN (p=.0456). However, there was no difference when size was 

categorized as >3 cm and <3 cm (p=.3359). Enlarged superficial SLN were 

significantly associated with the diagnosis of locoregional metastasis (p=.0374). 

The main clinical variables and association with metastatic SLN are summarized 

in table 8. 

 

3.7. Impact on Treatment Decision 

Eight out of 23 dogs (34.8%) were indicated for adjuvant or additional 

treatment after curative-intent surgical resection. The main reason that led to 

requirement of additional treatment was incomplete surgical resection (87.5%, 

n=7), locoregional metastatic disease (75%, n=6) and histological degree (12.5%, 

n=1). If LN were not histologically staged, 5 out of 8 dogs (62.5%) would receive 

scar revision surgery because of incomplete resection, but not adjuvant 

chemotherapy. SLN mapping changed treatment recommendations toward 

adding adjuvant chemotherapy in 5 dogs with LN metastasis. A dog with III-high 

grade cMCT would receive chemotherapy regardless of nodal status. The 

addition of radiographic IL, LN resection, and histology of more than just RLN or 

blue-colored SLN was not responsible for improving the rate of adjuvant 

chemotherapy recommendation, except for case #7 which had a metastatic iliac, 

but not on inguinal LN. On the other hand, 4 out of 6 dogs (Cases #5, #6, #7, and 

#11) had at least one metastatic LN detected on IL that would not be resected in 

a clinical setting. 
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Table 7. Summary of 23 dogs with cutaneous mast cell tumor submitted to iodized oil indirect lymphography (IO IL) and patent blue 
(PB) sentinel lymph node mapping, respective findings, and results of the histological evaluation. 

Dog 
Tumor 

Location 
RLN LN Size IO IL 

Opacification 
Pattern 

PB Mapping 
PB Staining SLN 

Status 
Grade 

#1 L Gluteal L Inguinal Normal No Contrast No Contrast No Color No color HN0 II/Low 

#2 L Carpo L VSC NP L VSC  Unequal L VSC  Light HN0 II/Low 

#3 
R Lateral Tibia R Popliteal Normal No Contrast 

R Inguinal  
No Contrast 
Unequal 

No color 
R Inguinal  

No color 
Dark 

HN0 
HN0 

II/Low 

#4 L Thorax Flank L Axillary NP L Axillary  Uniform L Axillary Light HN0 II/Low 

#5 
L Thigh L Inguinal Normal L Inguinal  

L Iliac  
Unequal 
Unequal 

L Inguinal  
L Iliac  

Light 
Dark 

HN3 
HN3 

II/Low 

#6 
Scrotum R + L Inguinal Increased R + L Inguinal  

R Iliac  
Unequal 
Unequal 

R + L Inguinal 
No Color  

Dark + Light 
No Color  

HN3 
HN3 

II/Low 

#7 
R Thigh R Inguinal Normal R Inguinal  

R Iliac  
Uniform 
Unequal 

R Inguinal  
R Iliac  

Dark 
Dark  

HN0 
HN1 

II/Low 

#8 L Flank Fold L Inguinal Normal No Contrast No Contrast L Inguinal  Light HN0 II/Low 

#9 
L Knee L Inguinal Increased L Inguinal  

L Iliac  
Uniform 
Unequal 

L Inguinal  
L Iliac  

Dark 
Light 

HN0 
HN0 

II/Low 

#10 
L Flank Fold L Inguinal NP L Inguinal  

L Iliac  
Unequal 
Unequal 

L Inguinal  
L Iliac  

Dark 
Dark 

HN0 
HN0 

I/Low 

#11 Scrotum R + L Inguinal NP R + L Inguinal  Unequal L Inguinal  Dark HN3/HN2 II/Low 

#12 
L Flank Fold L Inguinal NP L Inguinal  

L Iliac  
Unequal 
Unequal 

L inguinal  
L Iliac  

Dark 
Dark 

HN0 
HN0 

II/Low 

#13 Ventral Thorax R + L Axillary NP No Contrast No Contrast No Color No Color NR II/Low 

#14 L Thigh L Inguinal NP L Inguinal  Unequal L Inguinal Dark HN0 II/Low 

#15 
R Dorsal Carpus R VSC NP R VSC  

R Axillary  
Uniform 
Uniform 

R VSC  
No Color 

Dark 
No Color 

HN0 
HN0 

II/Low 

#16 R Medial Thigh R Inguinal Normal R Inguinal Unequal R Inguinal  Dark HN0 II/Low 

#17 R Dorsal Tarsus R Popliteal Increased 
Normal 

R Popliteal 
R Inguinal  

Uniform 
Uniform 

R Popliteal 
R Inguinal  

Dark 
Dark 

HN2 
HN0 

II/Low 

#18 L Thigh L Inguinal NP L Inguinal  Uniform L Inguinal  Light HN0 II/Low 
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#19 R Abdomen R Axillary NP R Axillary  Uniform No color No color NR II/Low 

#20 Ventral Thorax R + L Axillary NP No Contrast No Contrast No color No color NR II/Low 

#21 R Interdigital R VSC NP R VSC  Uniform R VSC  Dark HN0 II/Low 

#22 R Carpus R VSC NP R VSC  Uniform R VSC  Dark HN0 I/Low 

#23 R Digit R VSC Increased R VSC  Uniform R VSC  Light HN3  III/High 

Legend: LN = Lymph node; RLN = Regional Lymph Node; IO IL = Iodized oil Indirect Lymphography; PB = Patent Blue; SLN = Sentinel Lymph 

Node; R = Right; L = Left; VSC = Superficial Cervical Ventral; NR = Not Resected.
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Table 8. Association between cutaneous mast cell tumor clinical variables and 
metastatic status of sentinel lymph nodes, respective relative risk (RR), and 95% 
confidence interval (95% CI). 

Clinical 
Variables 

Total 
(n=23) 

Normal 
(n=14) 

Metastasis 
(n=6) 

P RR 95% CI 

Site       

Low-risk site 19 12 (7.7%) 3 (50%) .0709 3.75 1.09 – 11.53 

High-risk site 4 1 (92.3%) 3 (50%)    

Tumor Size       

Mean ± SD 20 2.32 ± 1.21 4.31 ± 3.02 .0456   

3 cm cut-off       

<3cm 13 5 (33.3%) 2 (35.7%) .3359 2.44 0.65 – 9.84 

>3cm 10 9 (66.7%) 4 (64.3%)    

Deep Invasion       

Yes 6 3 (21.4%) 3 (50%) .3027 3.33 0.64 – 7.83 

No 17 11 (78.6%) 3 (50%)     

Darier’s Sign       

Yes 4 1 (7.1%) 2 (23.5% .2018 2.83 0.75 – 8.10 

No 19 13 (76.5%) 4 (66.7%)    
LN Size       

Non-palpable 
/normal 

17 12 (85.7%) 2 (33.3%) .0374 4.66 1.25 – 17.91 

Enlarged 6 2 (14.3%) 4 (66.7%)    

 

4. DISCUSSION 

In this cohort of dogs with cMCT, IO IL had a high rate of agreement with 

both RLN (82.6%) and PB colorimetric method (82.6%). A study with 26 dogs 

with various cancers had an 84.6% (22 dogs) rate of agreement between IO IL 

and the intraoperative blue dye method (Brissot et al., 2017). However, the simple 

agreement between SLN mapping techniques may not be the most important rate 

to be considered. In our study a difference between RLN and SLN only occurred 

in one dog, but, about 30% of the dogs had at least one additional SLN other than 

the RLN. A study evaluating lymphoscintigraphy found that about 42% of the dogs 

with cMCT had a SLN different from the RLN (Worley et al., 2014). Almost 20% 

of the dogs had an additional SLN detected only by IO IL in our study, which 

seems to be more beneficial as IL is a preoperative technique aiming to aid 

surgeons on which SLN must be approached. The possible spillage of contrast 

agent to second echelon LNs was a concern because increases surgical 

morbidity without a clear benefit. However, as most additional LNs were also 

blue-colored and PB mapping is considered the standard of care in both humans 

and animals (Brissot et al., 2017; Liptak et al., 2019), we considered that all 
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additional LNs were most probably SLN as well. Furthermore, half of the detected 

medial iliac LN were metastatic, confirming they were correctly identified as SLN. 

It is important to note that, despite most medial iliac LNs being correctly 

identified as SLN by both methods, there was no external or superficial mark (i.e., 

blue-colored lymphatics) that indicate the iliac as the SLN. In other words, IO IL 

was responsible to guide the surgeon toward an abdominal surgical approach in 

approximately 26% of the dogs. The importance of preoperative SLN mapping 

was clear when half of the dogs with locoregional metastasis had an intracavitary 

metastatic SLN that once left unresected, would probably progress to severe 

lymphadenopathy and require further lymphadenectomy or bring additional 

morbidity. The same occurred in cases when drainage was not obvious, such as 

forelimb tumors and ventral thorax. Despite being no difference between the SLN 

number detected on IL and PB, when considering that the abovementioned 

conditions simulate a clinical scenario, IO IL increased SLN detection by 41% 

and significatively detected more SLN than the PB technique (P<0.05) due to its 

preoperative nature. This fact improved both staging and treatment of metastatic 

disease. However, it remains unclear whether the resection of additional SLN 

also reflects in a better long-term progression-free survival or overall survival 

time.  

A recent retrospective study found that even prophylactic resection of LN 

is associated with a better prognosis, but no SLN mapping technique was 

described (Sabattini et al., 2021). Despite LN resection being highly 

recommended for suspected or known metastatic LN, the role of prophylactic 

lymphadenectomy is controversial and there is no standard evidence-based 

approach. Despite detecting metastasis in intracavitary SLN detected by IO IL, 

half of the dogs (n=3) were submitted to a laparotomy to remove medial iliac LN 

that resulted in non-metastatic. A randomized clinical trial is still necessary to 

make clear the real benefit of prophylactic resection of multiple and intracavitary 

SLN. The possibility of increased morbidity, costs, and surgical time must be well-

balanced with other still theoretical factors (Sabattini et al., 2021). 

 There is a hypothesis that histological normal LN can bear isolated 

malignant mast cells that once left in place can cause tumor recurrence, further 

metastatic spread, and worsening the outcome (Marconato et al., 2018.; Sabattini 
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et al., 2021). This hypothesis has been confirmed in human melanoma and 

prophylactic lymphadenectomy was recommended in some patients (Balch et al., 

1996; Balch et al., 2000). Also, the HN1 (Weishaar et al., 2014) is usually 

considered non-metastatic, but the presence of an increased number of reactive 

mast cells at the LN may represent micrometastasis rather than a mere 

proliferation (Marconato et al., 2008; Weishaar et al., 2014; Sabattini et al., 2021). 

In this context, a SLN mapping technique, such as IO IL, that allow early detection 

of multiple LN containing reactive, pre-metastatic, or micrometastasis of MCT 

may benefit these patients by allowing prophylactic resection. Despite we did not 

quantify the additional intraoperative time required for single or multiple SLN 

resections mostly requiring a laparotomy and changing the recumbency, there 

was no major complication associated with the procedures. Other authors found 

an average addition of 40 minutes to the procedure but also does not report 

complications or increased hospitalization length related to the intervention 

(Lapsley et al., 2020; Sabattini et al., 2021).  

While the benefit of prophylactic LN resection remains unclear, a 

significantly better outcome was reported in grade II cMCT when metastatic LN 

was resected compared to metastasis found on cytology that was not resected 

(Baginski et al., 2014). A resection of LN containing metastatic mast cells 

decreases the local tumor burden on proliferation which may be responsible for 

a better outcome (Baginski et al., 2014).  

We followed the IO IL and PB mapping protocol previously described for 

peritumoral injection in dogs (Mayer et al., 2012; Worley et al., 2014; Brissot et 

al., 2017). However, IO failed to opacify SLN in about 17% of the dog, almost 2 

failures for every 10 dogs injected. Other studies reported a higher success rate, 

with at least one SLN opacified in 96.6% (Brissot et al., 2017) and 100% (Patsikas 

et al., 2006). In healthy dogs, failure to contrast LN occurred in 4 out of 25 dogs, 

which ultimately had a second IO injection that finally contrasted at least one LN 

(Mayer et al., 2012). A second IO injection was not performed on the dogs of our 

study as it would require postponing the surgical procedure. Lymphosonography 

also failed to detect SLN initially in some patients, requiring a second contrast 

injection in 3 out of 5 cases (Fournier et al., 2020). 
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The reason for SLN contrast failures remains unknown, but we 

hypothesize it may be caused by an inadvertent subcutaneous (rather than 

intradermal) injection or an idiosyncrasy that might be related to a low density of 

afferent lymphatic vessels on the tumor periphery. It is not possible to rule out the 

possibility of contrasted SLN being overlapped by bone structures or too 

unequally contrasted to be seen, however, these possibilities seem unlikely as 

the radiographs were extensively reviewed by multiple experienced 

professionals. Increasing the IO dose or reinjecting individuals that failed to 

contrast could be an alternative. Moreover, cases of IO drainage failure should 

be investigated as the absence of contrast uptake by the SLN does not mean 

there is no SLN or no metastatic disease in progress. Furthermore, a cluster of 

metastatic tumor cells clotting the lymphatic vessels cannot be ruled out. Two out 

of 33 dogs in a CT IL study had no contrasted SLN, but afferent lymphatic vessels 

were contrasted and both LNs were histologically metastatic. It was hypothesized 

that a metastatic disease caused the interruption of continuous lymph flow 

(Soultani et al., 2016). In another study with CT IL, 17% of the SLN were identified 

solely by the direction of contrasted lymphatic pathways rather than LN contrast 

uptake (Lapsley et al., 2020). The inability to visualize afferent lymphatic vessels 

on radiographic IL precludes the SLN indirect identification in these situations. 

The hypothesis that an unequally contrasted SLN had a higher chance of 

being metastatic could not be confirmed in this study. This was based on the 

mechanistic idea that neoplastic tissue growing inside the LN would block the 

contrast agent to spread throughout all entire lymphatic tissue leading to a patchy 

opacification (Wisner et al., 1996; Soultani et al., 2016). A study evaluating CT IL 

found an association between a heterogeneous contrasted LN with metastasis 

(Soultani et al., 2016). Most of the metastatic SLN were unequally opacified in 

our study, but half of the normal SLN also exhibit an unequal opacification leading 

to a high rate of false-positive if the pattern were used as the sole criteria. 

Furthermore, PB and IO doses certainly can affect the degree of blue staining 

and intensity of LN opacification, respectively. Finally, we do not recommend 

using the pattern of IO uptake on radiographic IL to predict metastatic disease 

until further studies; however, unequally contrasted LN must be sampled or 

removed as they are SLN, and about half of them were metastatic in this study.  
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IO IL did not significatively alter the decision to pursue adjuvant 

chemotherapy when compared to the non-selective dissection and PB 

colorimetric method in our study. However, if LN were not resected and 

histologically evaluated, about 25% of the dogs would not receive any type of 

additional therapy as most were II-low grade. A recent prospective study had 50% 

of the dogs change postoperative treatment recommendations toward 

chemotherapy when indirect lymphography using CT scans was used in addition 

to RLN cytology (Lapsley et al., 2020). A retrospective study evaluating normal-

sized LNs in predominantly low-grade cMCT, found that about 49.5% of the dogs 

would not receive adjuvant chemotherapy if LN were not excised (Ferrari et al., 

2018). However, a non-selective dissection of the locoregional LN was used in 

the study. The authors hypothesized that non-selective dissection of the RLN 

matches well with SLN mapping due to the high rate of locoregional metastasis 

detected in their study (Ferrari et al., 2018), which was supported by our findings. 

However, surgeons not performing a SLN mapping technique may miss important 

metastatic SLN that once removed could approximate the dog of a macroscopic 

disease-free condition.  

In dogs with multiple MCTs, both were resected in the same surgical 

procedure, but we choose to inject IO only in the largest tumor to precisely reflect 

the SLN of that region. The addition of IO injections on all tumors would certainly 

approximate the study of a clinical setting, however, it would bring a confounding 

factor while interpreting radiographs as we would not be able to determine from 

which tumor the contrast drained. A study evaluating IO injection and IL of 

multiple tumors is necessary to ensure there are advantages in staging.  

Most of the dogs in our cohort had II-low grade MCTs and a low rate of 

locoregional metastatic disease was expected. However, 30% of the dogs had 

local metastasis, twice higher than the 16.2% and 16.5% of grade II and low-

grade MCTs of a large retrospective study (Stefanello et al., 2015). On the other 

hand, a wide variable rate of LN metastasis ranging from 5 to 62% has been 

reported for grade II cMCT (Séguin et al., 2001; Weisse et al., 2002; Séguin et 

al., 2006; Baginski et al., 2014; Fournier et al., 2020). Other studies reported 

variable rates of LN metastasis depending on whether SLN mapping strategies 

were used or not. SLN metastasis of various grade cMCT ranges from 25 to 60% 

when SLN mapping was performed (Worley et al., 2014; Ferrari et al., 2020; 
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Fournier et al., 2020; Lapsley et al., 2020) and 42% to 46% when non-selective 

dissection was done (Ferrari et al., 2018; Fournier et al., 2018). A multicentric 

retrospective study found a 65% rate of metastasis in non-palpable or normal LN 

of dogs bearing cMCT (Ferrari et al., 2018). Oncologists and surgeons must be 

aware of the possibility of LN metastasis in all cases of cMCT and consider full 

staging even in well-differentiated or low-grade cMCT (Fournier et al., 2020). 

Considering the above-mentioned rate of metastatic disease on additional SLN, 

we also recommend SLN mapping for low-grade cMCT until further studies 

evaluate the long-term benefit of this practice. Despite our findings, a recent study 

suggested that MCTs without negative prognostic factors may not need extensive 

staging (Fejös et al., 2022). However, it should be considered that the 

histopathological result after surgery is the gold-standard to confirm the tumor 

grade, and, in a clinical scenario, it is not possible to determine whether the tumor 

is low grade based on cytological preoperative examination only. Also, cMCT can 

assume the low-high form, in which a low-grade MCT exhibit a high-grade 

biological behavior (Bae et al., 2020). A recent consensus proposal on canines 

recommended SLN evaluation for all dogs with cMCT but did not indicate full 

staging for low-grade cMCT unless organomegaly or signs of metastasis were 

present (Willmann et al., 2021).  

Only mild complications occurred after IO injection, however, none of 

these carried important disturbance. Furthermore, peritumoral tissues were 

resected along with the MCT 24 hours after injection preventing long-term 

evaluation of possible local tissue reaction, but also removing the hyperemic 

sites. 

Uniquely contrasted LNs were sometimes challenged to identify on simple 

radiographs as they were often superposed to bone structures, especially on 

pelvic, abdominal, or hindlimb radiographs. Multiple radiographs with the limbs 

extended and flexed were required to assure correct identification of the LN and 

determine its side. Medial iliac LN identification was also a challenge and required 

special attention to detect contrast due to the superposition of the vertebral 

column, colon, and normal abdominal opacity. Altering the brightness and 

contrast of the digital images was necessary in a few cases. 
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The owners were not instructed to perform any gastrointestinal preparation 

before radiographic for SLN mapping with IL. However, further studies should 

consider indicating gastrointestinal preparation before radiographic survey as gas 

or fecal content inside the colon or intestinal loops makes it harder to detect 

uniquely contrasted iliac LNs. 

Three dogs with suspected axillary SLN could not be located 

intraoperatively. The main reason that prevented SLN resection was the absence 

of blue dye uptake associated with the complexity of the surgical approach and 

limited vision. Also, surgeons reported that in at least one case a diffuse blue 

discoloration of the surrounding fat and muscle difficulted LN identification. Other 

authors also reported difficulties to locate the axillary LN (Lapsley et al., 2020) 

and other non-colored LN (Fournier et al., 2020). These findings support the 

importance of an intraoperative maker in association with preoperative mapping. 

Alternative techniques to aid intraoperative localization of LNs were recently 

proposed. A pilot study suggested the use of an ultrasound-guided hook-wire 

device for intraoperative localization of superficial inguinal LNs that could be 

extrapolated to other superficial nodes (Pierini et al., 2020). A retrospective study 

found a slightly better lymphadenectomy success rate using an ultrasound-

guided anchor wire to guide the surgeon during intraoperative localization of 

peripheral nodes when compared to methylene blue and no technique 

(Rossanese et al., 2022). Surprisingly and despite complex anatomy, 

intracavitary LN could be easily identified and dissected without complications.  

Limitations of this study include the heterogenicity and the small number 

of dogs in the cohort, the variability of anatomic sites, the presence of dogs with 

more than one cMCT, and the non-randomized/non-blinded nature of the study. 

The absence of a control group and long-term follow-up after surgery preclude 

establishing the disease-free intervals or survival time of dogs with cMCT 

submitted to IO IL. Further studies should evaluate if adding a radiographic IL as 

a preoperative technique for SLN mapping and the resulting increased number 

of SLN resected also improve the outcome of these dogs before an evidence-

based recommendation can be made. However, as complications of 

lymphadenectomy seem to be uncommon or mild in dogs (Sabattini et al., 2021), 

the clinician that chooses to approach multiple LN may not be concerned about 
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additional or unnecessary harm. Furthermore, there is currently weak evidence 

that early lymphadenectomy decreased the risk of tumor progression in low-

grade MCT (Sabattini et al., 2021). 

A recent consensus proposed FNA cytology for RLN and SLN as a triage 

method of detecting LN metastasis (Willmann et al., 2021). Although feasible, we 

did not include LN cytology because we intended to submit all suspect nodes to 

histopathological examination, and due to the high rate of nondiagnostic samples 

or false-negative of FNA (Langenbach et al., 2001; Ku et al., 2017; Ferrari et al., 

2018; Lapsley et al., 2020; Sabattini et al., 2021). The usability of FNA cytology 

to guide treatment decision remains highly controversial (Fournier et al., 2018; 

Lapsley et al., 2020; Willmann et al., 2021). A direct comparison of FNA cytology 

of the RLN and SLN mapping was beyond the scope of this study. 

 We have indicated postoperative adjuvant chemotherapy for dogs with 

metastatic LN due to the risk of disease dissemination (Blackwood et al., 2012). 

However, a recent retrospective study evaluating high-grade and low-grade 

cMCT with SLN metastasis suggested that grade rather than the stage is a 

determinant for the prognosis (Guerra et al., 2022). 

 A pilot study of radiographic IL taken 10 minutes after contrast injection 

was performed before the beginning of the study. Despite the single case, we 

strongly recommend the clinician to wait for the optimal time for the radiographic 

survey due to the risk of missing contrasted SLN. The time until radiographs may 

be lower if a hydrosoluble contrast agent is used, as occurs with CT IL in which 

the patient can be scanned 10 minutes after injection (Lapsley et al., 2020).  

Dogs with node metastasis had significantly larger primary cMCT lesions 

(mean of 4.3 ± 3.0 vs 2.3 ± 1.2). Other studies evaluating SLN mapping 

techniques also found an increased rate of metastasis in larger cMCT (>2.6cm; 

Fournier et al., 2020). Enlarged SLN were 4.6-fold more likely at risk of being 

metastatic. Palpably enlarged LN were more likely to bear metastatic disease in 

another study, with a sensitivity and specificity of 71% and 54% respectively 

(Baginski et al., 2014). 

 Preoperative IO IL associated with PB colorimetric technique is a reliable 

and efficient method to stage dogs with cMCTs undergoing curative-intent 
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surgical resection. Despite not significantly altering the number of SLN detected, 

when in a clinical scenario IO IL detected more SLN than PB, mainly 

intraabdominal LN in which PB does not allow visualization without additional 

surgery. The association of IO IL with intraoperative PB seems to be essential 

due to the difficulty in locating some SLN when not colored. Until further studies, 

the pattern of SLN opacification should not be used to predict metastasis. Finally, 

the IO IL seems to be useful, accessible, and easy to incorporate into the routine 

of most veterinary facilities. 
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SUPPLEMENTARY FILE 1 

Experimental Design of the Study 

 

26 dogs with 
cMCT selected

23 Dogs enrolled 
on final study

Clinical 
Examination and 
Image Staging

Peritumoral 
Iodized Oil 
Injection

Radiographics 
taken 24h after

Determination of 
Opacification 

Pattern

Intraoperative 
injection of Patent 

Blue

Intraoperative search 
toward stained/opacified 

LN

Laparotomy for 
resection of 

intracavitary LN

Resection of 
superficial LN

Determination of 
blue staining 

degree

Histological 
evaluation of the 

LN

Wide margin 
tumor resection

Histological 
diagnosis and 

grade

Histological 
evaluation of the 

margins

3 Dogs Excluded
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SUPPLEMENTARY FILE 2 

Summary of all Patients enrolled in the study 

# Sex Breed 
Age 

(years) 

Weight 

(kg) 

Number 

Tumors 

Tumor 

Size 

(cm) 

Tumor 

Location 
RLN 

LN 

Size 

Number 

Colored 

SLN 

Number 

Opacified 

SLN 

LN 

Status 

#1 Male Pittbull 4 30 1 1.2 Gluteal Inguinal N 0 0 HN0 

#2 Male Pug 10 10 1 1.5 Carpus VSC N 1 1 HN0 

#3 Female Mixed 8 20 3 1.4 Tibia Popliteal N 1 1 HN0 

#4 Male Lhasa 8 10 1 4 Thorax Axillary N 1 1 HN0 

#5 Female Mixed 10 18 1 9.8 Thigh Inguinal ↑ 2 2 HN3 

#6 Male Mixed 9 11 1 3 Scrotum Bilateral 

Inguinal 

↑ 2 3 HN3 

#7 Male Maltese 7 5 1 1.2 Thigh Inguinal N 2 2 HN1 

#8 Female Mixed 8 19 1 1.7 Flank Fold Inguinal N 1 0 HN0 

#9 Female Mixed 6 25 1 1.9 Knee Inguinal ↑ 2 2 HN0 

#10 Female Mixed 10 20 1 0.8 Flank Fold Inguinal N 2 2 HN0 

#11 Male Pittbull 9 31 2 4.5 Scrotum Inguinal N 1 2 HN3/2 

#12 Female Mixed 11 11 1 3.6 Flank Fold Inguinal N 2 2 HN0 

#13 Male Mixed 8 9 1 3.4 Thorax Bilateral 

Axillary 

N 0 0 HNX 

#14 Male Pittbull 10 34 1 2.1 Thigh Inguinal ↑ 1 1 HN0 

#15 Male Mixed 8 27 1 4 Carpus VSC N 1 2 HN0 
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#16 Female Boxer 11 25 1 4 Thigh Inguinal N 1 1 HN0 

#17 Male Mixed 8 21 1 5 Tarsus Popliteal ↑ 2 2 HN2 

#18 Female Pittbull 3 24 1 1.9 Thigh Inguinal N 1 1 HN0 

#19 Male French 

Bulldog 

4 17 1 2.2 Abdomen Axillary N 0 1 HNX 

#20 Female Labrador 9 26 1 1.2 Thorax Bilateral 

Axillary 

N 0 0 HNX 

#21 Female Shih Tzu 7 10 1 1 Digit VSC N 1 1 HN0 

#22 Female Boxer 2 30 1 3.5 Carpus VSC N 1 1 HN0 

#23 Female Labrador 6 35 1 2.4 Digit VSC N 1 1 HN3 

 

 

 

 

 

 

 

 

 

 



165 

 

SUPPLEMENTARY FILE 3 

Summary of draining Sentinel Lymph Nodes based on tumor locations 

 

This table summarizes the SLNs according to the tumor location of the Cohort of 

dogs with cutaneous mast cell tumor.  

Regions RLN Possible SLN 

Ventral and Flank 
Thorax 

  

 Axillary Uni- or Bilateral Axillary 

Ventral Abdomen   
 Axillary Axillary 
 Inguinal  

Scrotum   
 Inguinal Uni- or Bilateral Inguinal 
  Medial Iliac 

Carpus   
 VSC VSC 
  Axillary 

Digit   
 VSC VSC 

Tarsus   
 Popliteal Popliteal 
  Inguinal 

Lateral Tibia and Knee   
 Popliteal Inguinal 
  Popliteal 
  Medial Iliac 

Thigh, Gluteal and 
Flank Fold 

  

 Inguinal Inguinal 
  Medial Iliac 

Legend: RLN = Regional Lymph Node; SLN = Sentinel Lymph Nodes; VSC = 

Ventral Superficial Cervical 
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SUPPLEMENTARY FILE 4 

Universidade Federal do Paraná Animal Ethics Committees Approval  
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SUPPLEMENTARY FILE 5 

São Paulo State University Animal Ethics Committees Approval  
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General Discussion and Future Perspectives 

 

 cMCT and techniques to evaluate lymphatic metastasis are “hot topics” in 

veterinary oncology literature. In the last year, several papers have been 

published on this theme evaluating dozens of different aspects. However, most 

studies carry evident bias or limitations that limit their conclusion or extrapolation 

to routinely day-by-day use.  Furthermore, even considering that cMCT is one of 

the most studied cancers in veterinary oncology, knowledge, and the evidence 

available to support some interventions are far behind those available for 

humans.  

 

1. CRITICAL APPRAISAL OF THE STUDY 

Based on the hypothesis that intraoperative blue dye injection may not 

detect all SLN that drain a specific region, we designed this prospective cohort 

study to fill the knowledge gap over indirect radiographic lymphography for SLN 

mapping. Prospective clinical trials are hard to conduct and besides the efforts to 

minimize bias, a couple of factors may have skewed the results. It is important to 

describe some questions that could not be answered with this research and must 

be addressed with criticism. 

Does radiographic indirect lymphography with lipiodol cost beneficial? 

Despite x-ray equipment being widely available in most veterinary facilities, 

lipiodol contrast cannot be easily found and has a high cost, which can prevent 

its routine use in a clinical setting. Also, the detection of an increased number of 

SLN, mostly deep on the abdomen requiring laparotomy, raised a concern about 

increasing morbidity associated with the additional incision/surgical approach. All 

patients in the study recovered uneventfully, but the lack of long-term evaluation 

and a control group prevented a throughout evaluation of outcomes. Finally, a 

question remains to be answered: Dogs with mast cell tumors submitted to 

multiple SLN resections experience long-term benefits on the outcome that justify 

evidence-based indication of indirect lymphography with lipiodol? A randomized 

controlled clinical trial is still necessary to find an answer. 

How to proceed to indirect lymphography with lipiodol in dogs with more 

than one MCT? Considering that dogs bearing multiple cMCT lesions 
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simultaneously, the practice of injecting lipiodol in the largest tumor may not be 

the best approach when aiming for better outcomes in clinical practice. We did 

not evaluate whether the administration of lipiodol is useful for patients with 

multiple cMCTs and if there is simultaneous drainage from multiple tumors to a 

single or multiple SLN. These questions may not be answered by IO IL mapping, 

as it is not able to opacify the lymphatic vessels adequately and, therefore, 

demarcate to which LN the afferent lymphatic pathway is running toward. 

 LNs detected on radiographic indirect lymphography are SLNs? When 

conducting the research, this question raised our attention, and we hypothesized 

that during the 24 hours interval between injection and radiographs, the contrast 

may drain from the SLN to second echelon LNs, thus making some contrasted 

LNs falsely positive to be a sentinel. Unfortunately, it is impossible to answer this 

question with the proposed methodology. Serial radiographs taken <24 hours 

may evidence the lymphatic vessels' source and direction and detect whether 

multiple contrasted LNs drain from the SLN or the primary tumors. This is an 

important question to be answered as some surgeons advocate removing only 

one LN when there are multiple contrasted LNs on radiographs. 

How could we bring IO IL close to the routine practice? Patients enrolled 

in the study were selected from the oncologic clinic of a veterinary teaching 

hospital. We found it difficult to convince some clients of the importance of RLN 

staging. Some patients meeting the inclusion criteria cannot be enrolled in the 

study due to the owner’s concern about allergic reactions and additional surgical 

incisions. However, most clients were pleased to contribute to the study and 

collaborate towards easing the process. Outside the experimental environment, 

the clinician may argue that IO IL reduces the requirement of extensive dissection 

as it brings better precision in detecting SLN before surgery and improves 

preoperative planning. 

 

2. FUTURE PERSPECTIVES ON SENTINEL LYMPH NODE MAPPING 

 
In addition to the questions that remain to be answered described in the 

previous section, new techniques have been proposed to better map SLN. These 

techniques deserve to be cited here to encourage further studies. 
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A recent study used iohexol (Omnipaque®), a hydrosoluble contrast agent, 

for radiographic indirect LN mapping. The use of iohexol decreases the cost of 

acquisition of the contrast, thus encouraging wider use of SLN mapping through 

indirect lymphography in a clinical setting. It is important to assume that before 

iohexol is used routinely, it is necessary to study whether the results of iohexol 

are equivalent to lipiodol on radiographs. Also, it is necessary to establish a 

standard technique and the ideal time between contrast agent injection and 

radiographic to prevent incomplete mapping and false-negative results. 

The advent of near-infrared technologies applied to the detection of SLN 

through the injection of indocyanine green brings together the best of both worlds. 

Despite still requiring a deep study of its equivalence or superiority to other 

methods, the Infrared detection of indocyanine green enables the surgeon to 

preoperatively know which LN is the sentinel while simultaneously guiding it 

during the procedure. Limitations regard the low penetration of the infrared at the 

live tissues may prevent its use to detect intracavitary SLN when performing 

superficial skin surgery. In this scenario, lymphography techniques may still be 

used to bring additional information on SLN mapping. As lymphoscintigraphy 

seems to be difficult to be widely included in most veterinary facilities due to the 

nuclear disposal concern, the infrared seems more suitable for most veterinary 

hospitals despite being expensive. 

 
3. LACK OF BASIC SCIENCE STUDIES OF LYMPHATIC METASTASIS IN 

DOGS 

While extensively studied in humans, the biology of cancer specific to 

animals is much less addressed. However, even in humans, the pathophysiology 

of metastasis is mainly studied in a vascular system due to a lack of lymphatic-

specific markers, which was only recently demonstrated. 

The role of the lymphatic system on cancer progression is a frequent 

theme in clinical studies published in reputable journals, however, little is known 

about the molecular and pathophysiological aspects of cancer spread from a 

primary site to LNs and beyond in cMCT and other animal tumors. Most studies 

addressing the lymphatic systems and cancer in dogs are clinical retrospective 

or, less commonly, prospective that provide some evidence of how the lymphatic 
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system behavior clinically in the presence of a malignancy. However, pure basic 

science research is equally necessary, as oncologists studying metastasis almost 

always rely on human literature to speculate or hypothesize about phenomena 

seen in animals.  

For example, the occurrence of “in transit” metastasis and clusters of cell 

“clotting” lymphatic vessels causing a diversion of the normal lymph flow to other 

lymphatic basins are a theoretical phenomenon somewhat described in some 

human studies, but a mere hypothesis in dogs. The veterinary oncologist also 

does not know if distant metastasis is caused by tumor cells that invade LN blood 

vessels and/or completed all the pathways through multiple LN until been 

debouched at the thoracic duct and finally to the cranial vena cava. Despite 

initially it does not seem to correlate with important clinical circumstances, 

knowing how distant metastasis progress from LN metastasis may be an 

important piece to the puzzle of whether an extensive LN dissection is really 

necessary. 

The knowledge of lymphatic metastasis is crucial to the progression of 

veterinary oncology to understand the mechanisms involved and possible clinical 

implications. Furthermore, finding molecular markers and key receptors on 

lymphatic metastasis can be an effective target for future drugs.  

 
4. THE FALSE-NEGATIVE LYMPH NODE PROBLEM 

There is currently no standard approach to histological criteria to establish 

whether an LN is metastatic. Classifications such as that proposed by Weishaar 

aid on translate what is seen on a histology slide to the clinical application, 

however, this is not standard of care as studies of validations are still necessary. 

Several questions on whether each classification means clinically to treatment 

and prognosis are still to be answered.  

Furthermore, a gold-standard pattern LN cutting during histological 

processing is absent. Most studies describe different methods of preparing and 

cutting the tissue and the lack of standardization may be a reason for the wide 

variability between studies. 
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This factor raises a concern that non-metastatic LN may harbor metastatic 

niches that were missed during tissue processing at the laboratory resulting in a 

false-negative and negatively affecting decision-making. Those patients in a 

clinical setting that are early affected by metastatic disease or recurrence of 

cMCT in the absence of risk factors may be experiencing a false-negative 

diagnosis. To our knowledge, there is no verified method described to mitigate 

this effect to date. 

 

5.  LESSONS LEARNED WITH THIS STUDY 

1. IO IL detected more LN than relying only upon the RLN or PB mapping, 

especially when considering a clinical scenario. However, this does not 

mean that IO IL should take the place of PB mapping as both techniques 

are complementary and the rate of resected SLN would probably 

decrease in the absence of PB mapping. 

2. Intracavitary or deep-located LN are often SLN of skin tumors and must 

be considered when dealing with tumors located at the abdomen and 

hindlimb. 

3. Conducting an abdominal exploration for SLN increases intraoperative 

time but it is easily performed and does not increase surgical morbidity. 

However, the additional cost involved in private practice may be a 

concern when adopting this procedure. The clinician that chooses to 

perform IO IL must be willing to discuss all the implications with the 

owner. 

4. Except by size at palpation, the pattern of LN opacification and other 

clinical variables are not useful to predict metastasis and should not be 

used routinely. Veterinary oncology still lacks a minimally invasive 

metastasis assessment technique to predict metastasis previously to a 

surgical procedure. 


