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Introduction



Introduction

Many solid tumours, such as melanoma and breast cancer, have the potential to 

metastasize to regional lymph nodes. There is general agreement that regional lymph 

node dissection is recommended for patients who have clinically suspicious nodes 

or pathologically proven metastases of the regional lymph nodes. However, major 

controversy exists regarding the utility of regional lymph node dissection for patients 

with clinically unaff ected (i.e. no palpable) lymph nodes, because most of these patients 

are without nodal metastases and, therefore, can derive no benefi t from regional lymph 

node dissection. As an alternative, in 1990 Morton introduced the sentinel lymph node 

hypothesis at the Annual Meeting of the Society of Surgical Oncology in Washington 

DC (USA).1 His hypothesis was a modifi cation of the sentinel lymph node concept that 

Cabanas originally proposed for the management of patients with penile cancer in 

1977.2 

Sentinel lymph node biopsy is based on the hypothesis that lymph from a primary solid 

neoplasm drains initially to one or more sentinel lymph nodes, which are therefore the 

fi rst nodes at risk for harbouring occult metastatic disease.3 Many of Morton’s colleagues, 

doubted the accuracy and utility of his hypothesis despite the demonstrated success 

with this technique. 

At that time, nobody realised that this was the beginning of a new era in surgical 

oncology. The sentinel lymph node concept has evolved from an underestimated 

principle to a generally accepted and applied procedure. 

Morton described a method of sentinel lymph node biopsy using intradermal injections 

of blue dye in patients with primary cutaneous melanoma treated at the John Wayne 

Cancer Institute (Santa Monica, USA). The blue-stained lymphatic was followed surgically 

until the blue channel was seen entering a blue-stained lymph node. This lymph node 

was called the ‘sentinel lymph node’. It was found that if the sentinel lymph node was 

free of metastatic disease, then the entire lymphatic fi eld was free of disease. Selective 

removal and carefully examination of one or two sentinel lymph nodes could accurately 

determine the metastatic melanoma status of a complete lymphatic fi eld while 

minimizing morbidity. In 1993 Alex and Krag (University of Vermont, USA) added the use 

of a radioactive tracer, injected intradermally around the primary tumour site, followed 

by imaging and subsequent intraoperative use of a handheld gamma probe to localize 

and extirpate the sentinel lymph node(s).4 

The same year, Krag described the application of this technique in patients with 

breast cancer, injecting a radioactive tracer peritumourally and using a gamma probe 

intraoperatively to identify the sentinel lymph node.5 In 1994, Giuliano at the John 

Wayne Cancer Institute (Santa Monica, USA) introduced sentinel lymph node biopsy 

into breast cancer treatment using a peritumoural injection of isosulfan dye, similar 

to Morton’s original work in melanoma.6 Albertini (H. Lee Moffi  tt Cancer Center and 
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Research Institute, University of South Florida, Tampa, USA) combined both the blue 

dye and the radioactive tracer in an eff ort to improve the detection rate and reduce the 

‘learning curve’ in breast cancer patients.7

Currently the two most widely accepted clinical applications of sentinel lymph node 

biopsy are for melanoma and breast cancer. Other applications of sentinel lymph node 

biopsy in solid neoplasms were explored in the late nineties for cancers such as vulvar, 

cervical, penile, prostate, squamous head and neck, diff erentiated thyroid, non-small-cell 

lung, gastric, colorectal and Merkel cell carcinoma (see Chapter II).

Sentinel lymph node biopsy in breast cancer

Breast cancer is the leading malignancy, and the second leading cause of cancer-related 

deaths aff ecting women in the Western world today. It is well established that axillary 

lymph node status is a very important prognostic factor in breast cancer patients; nodal 

evaluation is therefore a critical part of breast cancer management. For this reason, 

axillary lymph node dissection has been an integral component in the surgical treatment 

of invasive breast cancer. Furthermore, axillary nodal metastasis is an important 

parameter that indicates the need for adjuvant regional and systemic treatment. 

Eff ective adjuvant therapy is currently available and widely accepted.8 Axillary lymph 

node dissection also helps with loco-regional control of breast cancer.9 However, axillary 

lymph node dissection results in signifi cant morbidity; in 15-30% of patients, permanent 

lymphedema has been reported. Other complications such as wound infection, seroma, 

arm weakness, decreased shoulder range of motion, and neurological changes can 

occur.10 

In 40% of patients with breast cancer, lymph node metastases were found.11 For the 

remaining 60% without lymph node metastases, axillary dissection is not benefi cial 

and they are unnecessarily at risk of complications. A less invasive approach to assess 

the axilla would be appropriate, especially because the incidence of nodal metastases 

has decreased due to breast cancer screening programs. Moreover, adjuvant therapies 

are now often dependent on the characteristics of the primary tumour and no longer 

limited to patients with node-positive breast cancer based on the nodal tumour status.8 

For these reasons the need for routine axillary lymph node dissection for women with 

invasive breast cancer has been questioned. 

In breast cancer, the primary aim of sentinel lymph node biopsy is to reduce morbidity 

associated with routine axillary dissection. Sentinel lymph node biopsy replaces routine 

axillary dissection for breast cancer and identifi es patients who may benefi t from a 

therapeutic lymph node dissection.12,13 

Sentinel lymph node biopsy in melanoma

The incidence and mortality of melanoma has increased substantially during the past 
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several decades. In the Netherlands about 3,000 new cases are diagnosed each year.14 

Elective lymph node dissection in melanoma is based on the concept that metastases 

occur by the passage of the tumour from the primary to the regional lymph nodes 

and distant sites, in which case early dissection of regional lymph nodes will disrupt 

metastatic progression and prevent the spread of disease. A series of prospective 

randomized surgical trials were addressed comparing elective lymph node dissection 

with a watchful waiting policy. No benefi t of elective lymph node dissection with respect 

to recurrence-free and overall survival was shown.15-18 The researchers recommended 

a watchful waiting policy, with a delayed lymph node dissection in case of clinical 

palpable lymph node metastases during follow-up. They suggest that regional lymph 

node metastases are markers for disease progression and that distant disease can 

occur without nodal metastases. This theory is opposed by others who described a 

signifi cantly better survival rate for patients with positive lymph nodes in the elective 

lymph node dissection specimen, compared to patients with clinical positive lymph 

nodes discovered during follow-up which are subsequently removed by delayed 

dissection.15,19-21 They suppose that the tumour burden is much greater in the case of 

clinically palpable lymph nodes, with a consequently diminished chance for cure. 

Before the introduction of sentinel lymph node biopsy, the treatment of choice for 

clinically localized melanoma in the Netherlands was wide local excision of the tumour 

alone and watchful waiting.22

With sentinel lymph node biopsy, a distinction can be made between patients who may 

benefi t from a regional lymph node dissection and those who may not. Only in case of 

a positive sentinel lymph node is regional lymph node dissection recommended, which 

occurs in approximately 20% of patients. 

The sentinel lymph node status has been recognized as an important factor in the 

staging and prognosis of melanoma patients.23 Careful assessment of clinically 

unaff ected lymph nodes can identify patients with a high risk of recurrence of the 

disease who may be candidates for adjuvant therapy. However, the effi  cacy of adjuvant 

therapy is limited.24 

The impact of sentinel lymph node biopsy on the treatment received by patients is 

diff erent in breast cancer and melanoma; in patients with breast cancer, it prevents 

routine lymph node dissection, whereas in patients with melanoma, the technique is 

performed as an extra procedure with no well-established benefi ts. Related studies in 

breast cancer concern the safety of sentinel lymph node biopsy (does the omission of 

routine axillary lymph node dissection jeopardise regional tumour control and survival?) 

and the best techniques for lymphoscintigraphy, surgery and pathological evaluation. 

In melanoma, the principal question is whether early regional lymph node dissection, 

carried out because of a tumour-positive sentinel lymph node, improves survival.

In the mid-nineties the Divisions of Surgical Oncology of the Netherlands Cancer 
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Institute/Antoni van Leeuwenhoek Hospital (Amsterdam),  the Free University Hospital 

(Amsterdam) and the University Medical Center Groningen (UMCG) explored the sentinel 

lymph node biopsy concept in the treatment of solid tumours, that has resulted in 

several theses.25-33

A combined research program was initiated between the Divisions of Surgical Oncology 

of the Netherlands Cancer Institute/Antoni van Leeuwenhoek Hospital (Prof B.B.R. Kroon 

and Dr O.E. Nieweg) and the UMCG (Prof H. Schraff ordt Koops and Prof H.J. Hoekstra). 

Two post-graduates, L. Jansen and M.H.E. Doting undertook research projects as 

part of this program, which have resulted in several combined papers.34-37 This thesis 

incorporates aspects of this combined research, in addition to exploring various further 

considerations as indicated below. 

Aims of thesis:

1. To determine the reliability of sentinel lymph node biopsy with preoperative 

lymphoscintigraphy after intralesional tracer administration and intraoperative 

use of both a gamma detection probe and a vital dye for staging the axilla of 

breast cancer patients. 

2. To determine the safety of sentinel lymph node biopsy without axillary lymph 

node dissection to ensure locoregional control in sentinel lymph node-negative 

breast cancer patients. 

3. To defi ne the value of immediate dynamic versus three hours post-injection 

lymphoscintigraphy in sentinel lymph node biopsy in breast cancer patients. 

4. To evaluate the reliability and clinical impact of sentinel lymph node biopsy in 

patients with cutaneous melanoma in the head, neck, trunk or extremities. 

5. To assess the impact of sentinel lymph node biopsy on disease outcome in 

cutaneous head and neck melanoma. 
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Introduction

It is generally accepted that regional lymphadenectomy is indicated in patients with 

clinically suspicious or pathologically proven metastases to the regional lymph nodes. A 

controversy exists, however, over whether early lymph node dissection in patients with 

clinically negative lymph nodes off ers any therapeutic advantage over observation and 

later dissection if the patient develops clinically obvious nodal metastases. 

Over the past fi ve years, the new concept of sentinel lymph node biopsy has been 

applied to assist in the further identifi cation of patients for complete lymph node 

dissection. The sentinel lymph node is defi ned as the fi rst lymph node that drains a 

primary tumour (Figure 1). If lymphatic drainage occurs in a step-wise fashion, this 

lymph node should refl ect the pathological status of the remaining lymph node basin.

Tumour

Sentinel lymph node

Figure 1. 

The sentinel lymph node is defi ned as the fi rst lymph node that drains a primary tumour.

 

In 1977, Cabanas originally proposed this concept in the management of patients with 

penile cancer. He reported that the lymphatic system of the penis drains to one lymph 

node (or a group of nodes), ‘the sentinel lymph node’, which is the dominant site of 

tumour spread from penile carcinoma.3 The location of this sentinel lymph node was 

visualized by performing lymphangiography of the dorsal lymphatics of the penis. Its 

location was close to the superfi cial epigastric vein. Patients with a tumour-positive 

sentinel lymph node underwent subsequent inguinal lymph node dissection. 

In 1992, Morton et al. introduced the use of a vital blue dye (isosulfan blue) at the 

operating theatre, to visualize the lymphatic drainage from a malignant melanoma.15 

Patent blue dye® was injected intradermally around the biopsy site of a primary 

melanoma and 10-20 min later, a skin incision was made in the regional lymph drainage 

region. Blue stained lymphatic vessels and blue stained nodes could be traced during 

this operation. 

In 1993, Alex and Krag introduced the use of a radioactive tracer 99m Technetium sulphur 
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colloid, injected intradermally around a primary melanoma site, followed by imaging 

and subsequent intraoperative use of a gamma probe to localize and extirpate the 

sentinel lymph node. In addition, they compared gamma-probe-guided localization to 

vital blue dye mapping in an animal model.2 

In recent years, lymphoscintigraphy and blue dye have been used to trace the regional 

sentinel lymph node in many tumours. The technique and its use for malignant 

melanoma, breast cancer, penile cancer, vulvar cancer, Merkel cell carcinoma and thyroid 

cancer are described below.

 

Technique of sentinel lymph node localization

The day before the operation, lymphoscintigraphy is performed. One or two doses 

of in total 60 MBq 99mTc nanocolloid (0.2 ml) are injected around the primary tumour 

for lymphoscintigraphy and intraoperative lymph node detection. Immediately after 

injection, dynamic images are taken with a gamma camera to visualize lymphatic 

drainage. After 2 h, static scintigrams are taken (Figure 2).

Figure 2. 

Lymphoscintigraphy of a malignant melanoma of the lower leg. Left: after injection of radio-

activity (posterior view of the right calf); middle: dynamic image 3-5 min after the injection, 

with lymphatic vessel and sentinel lymph node in the inguinal region; right: static scintigram 

2 h after injection, inguinal region with highest activity in the sentinel lymph node.

The position of the sentinel lymph node is indicated on the skin. The operation is 

performed within 24 h after lymphoscintigraphy. After inducting anaesthesia, a dose of 

1.0-2.0 ml Patent blue-V (Laboratoire Guerbet, Aulnay-Sous-Bois, France) is administered 

around the primary tumour. Before any incisions are made, the level of radioactivity is 

measured over the presumed sentinel lymph node site with the aid of a gamma probe 

(Neoprobe® 1000, Neoprobe Corporation, Dublin, OH) (Figures 3 and 4). A skin incision 

is made over the most radioactive point. The incision is placed in the axilla in such a way 

that it can be incorporated in the incision for the subsequent mastectomy or axillary 
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22

node dissection. Usually a 2-3 cm incision is enough for localizing blue lymphatics. 

Lymphatic vessel(s) are carefully followed to the sentinel lymph node, which is identifi ed 

by blue discolouration (Figure 5). The accumulated radioactivity in the sentinel lymph 

node is measured with the gamma probe. A combination of blue lymph vessel(s), blue 

node(s) and a hand-held probe are used for tracing. The sentinel lymph node(s) is (are) 

excised and the radioactivity is measured ex vivo to confi rm the nodal activity. The 

wound is then explored with the probe for additional areas of high radioactivity, to trace 

or exclude other fi rst echelon nodes. 

Until now, several surgeons have applied the patent blue technique alone or together 

with the hand-held gamma probe with varying success. In general, the identifi cation of 

the sentinel lymph node proved to be more successful with the probe than with patent 

blue dye alone. Overall, most investigators are now using both techniques together to 

achieve better results. 

Sentinel lymph node biopsy can also be performed under local anaesthesia. 

Histopathological examination after serial sectioning and haematoxylin-eosin and 

immunohistochemical staining are conducted at most institutes. Then the decision 

can be made whether the patient requires immediate or later complete lymph node 

dissection under general anaesthesia.

 

.

 

        

Figure 3.

Gamma detection probe and 

monitoring equipment.

    

Figure 5. 

After making a 2-3 cm incision, a lymphatic vessel is 

carefully followed to the sentinel lymph node, which is 

identifi ed by blue discouloration. 

Figure 4. 

Level of radioactivity measured over the 

presumed sentinel lymph node site, with 

the aid of a hand-held gamma detection 

probe.
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Sentinel lymph node biopsy for malignant melanoma

In 1992, Morton et al. described 223 clinical stage I patients with primary melanoma.15 A 

procedure was developed using vital blue dye that permits intraoperative identifi cation 

of the sentinel lymph node. The sentinel lymph node was successfully identifi ed in 194 

(82%) out of the 237 lymphatic basins. Routine haematoxylin-eosin-staining (12%) or 

exclusively immunohistochemical staining (9%) detected metastases in 40 specimens 

(21%). There was a false-negative rate of less than 1%. In more recent studies comprising 

150 sentinel lymph node biopsies, Morton stated that there have been no false-

negatives and that he had successfully identifi ed the sentinel lymph node in 96% of the 

patients. 

In 1997, Albertini et al. described the addition of intraoperative radiolymphoscintigraphy 

to vital blue lymphatic mapping.1 In this technique the localization of the sentinel lymph 

node became easier and more widely applicable. This study consisted of 106 consecutive 

patients with a cutaneous melanoma of more than 0.76 mm Breslow thickness. A total 

of 200 sentinel lymph nodes and 142 neighbouring non-sentinel lymph nodes were 

harvested from 129 basins in 106 patients. When correlated with blue dye mapping, 

70% of the sentinel lymph nodes demonstrated blue dye staining, while 84% of the 

sentinel lymph nodes were defi ned as ‘hot’ by radioisotope localization. With the use of 

both intraoperative mapping techniques, identifi cation of the sentinel lymph node was 

possible in 96% of the nodal basins. Micrometastases were identifi ed in sentinel lymph 

nodes in 15% of the patients by routine histology. Two patients had micrometastatic 

disease in ‘hot’ but no blue-stained nodes. 

Karakousis described a series of 55 patients in whom blue dye alone was used.11 The 

sentinel lymph node was identifi ed in 93% of the cases and proved to be positive in 24%. 

Albertini et al. concluded that the two techniques of intraoperative radiolymphoscinti-

graphy and the use of blue dye are complementary.1 The scintigraphic images and probe 

direct the surgeon to the area of greatest activity, which often enables the identifi cation 

of blue aff erent lymphatics that would not otherwise be apparent. By using both 

mapping procedures, the surgeon is reassured, because a visual test (blue dye) and a 

quantitative test (gamma probe) ensure that all sentinel lymph nodes are removed. 

Sentinel lymph node biopsy in breast cancer

Current standard care for invasive breast cancer is complete removal of the tumour 

with documented negative margins by either mastectomy or lumpectomy followed by 

complete axillary lymph node dissection.5,17 

In 1994, Giuliano et al. described the technique of lymphatic mapping and sentinel 

lymph node biopsy in breast cancer.7 Vital blue dye alone was injected at the cancer site 

in 174 patients with primary breast cancer. Sentinel lymph nodes were identifi ed in 114 

out of the 174 (65.5%) procedures and sentinel lymph node biopsy accurately predicted 

the axillary lymph node status in 109 out of the 114 (95.6%) cases. There was a defi nite 

learning curve, as all false-negative sentinel lymph nodes occurred in the fi rst part of 
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However, in 17% of cases, the intraoperative diagnosis was falsely negative, because 

micrometastatic foci were subsequently identifi ed on permanent section. This 

percentage is high enough to cause concern, and may represent a limiting factor for the 

sentinel lymph node biopsy procedure. A patient whose sentinel lymph node is negative 

in frozen section but is positive on histology will require a further operation to clear the 

axilla, which is likely to increase her distress. 

The largest series of patients with breast cancer and sentinel lymph node biopsy 

has been described by Cox et al.6 Sentinel lymph node biopsy was performed in 

466 consecutive patients with newly diagnosed breast cancer. Vital blue dye and 

lymphoscintigraphy were used. The sentinel lymph node was successfully identifi ed in 

440 (94.4%) patients. There was only one false-negative sentinel lymph node (defi ned as 

a pathologically negative sentinel lymph node with pathologically positive lymph nodes 

at a higher level in the chain). In 105 out of the 440 (23.8%) successful identifi cations, 

the sentinel lymph node was positive for metastatic disease. The authors concluded 

that accurate sentinel lymph node identifi cation can be made when all blue and hot 

lymph nodes are harvested as sentinel lymph nodes. Therefore, lymphatic mapping and 

sentinel lymph node biopsy are most eff ective when a combination of vital blue and 

radiolabeled sulphur colloid are used. A diffi  culty in the series of patients of Cox is that in 

most of their patients an axillary clearance is not performed if the sentinel lymph node 

biopsy was negative. Therefore, sensitivity in this series of patients could not be given. 

In an interesting article Roumen et al. stated that in many papers, data are provided 

about the sensitivity, specifi city, positive and negative predictive value of the sentinel 

lymph node biopsy procedure.16 The only interesting item is the sensitivity, which tells 

us something about the number of false-negative sentinel lymph nodes. Ideally, the 

sensitivity should be 100%, i.e. no false-negative nodes. A false-negative sentinel lymph 

node is defi ned as a pathologically negative sentinel lymph node with pathologically 

positive lymph node(s) at a higher level in the chain. Mentioning specifi city is nonsense, 

as this number is always 100% by defi nition, as no-one will ever fi nd a positive sentinel 

lymph node in a pathologically negative axillary basin. On the other hand, fi nding a 

negative node in a completely negative basin does not provide any specifi c information 

about the correctness of the sentinel lymph node procedure. The same holds true for 

the positive predictive value, which by defi nition is always 100% in such series. This is 

because the sentinel lymph node and axillary status are dependent variables. The idea is 

that the number of false-negative biopsies should only be compared with the number 

of positive axillary basins discovered after an obviously successful sentinel lymph node 

biopsy procedure. The negative axillary basins should be excluded. This then is the 

sensitivity of the procedure.16 

The sensitivities of the three series of patients described by Giuliano et al. and Veronesi 

et al. are listed in Table 1.
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Table 1. 

Sensitivity of sentinel lymph node biopsy (SLN) in breast cancer in three series of patients

Reference n SLN identifi ed Sensitivity (%)

Giuliano (1994)7 174 114 88 (37/42)

Giuliano (1997)8 107 100 100 (42/42)

Veronesi (1997)18 163 160 95 (81/85)

A very interesting question after sentinel lymph node biopsy in breast cancer patients is 

the clinical impact of micrometastases that are detected with immunohistochemistry or 

with the use of polymerase chain reaction (PCR). What impact should the sentinel lymph 

node procedure have on adjuvant radiotherapy, hormonal and/or chemotherapy? At a 

strategy meeting for sentinel lymph node researchers at the National Cancer Institute in 

the USA in the Autumn of 1997, Giuliano speculated that if women had negative sentinel 

lymph nodes, a tumour under a certain size, plus negative immunohistochemistry and 

PCR tests, she might be able not to have systemic treatment, because of an extremely 

low risk of distant metastases. 

Sentinel lymph node biopsy in penile cancer

In most cases, the treatment for penile cancer is surgical excision of the primary tumour 

alone. The indication for elective lymph node dissection depends on the size of the 

primary tumour. 

Kapteyn investigated excisional biopsies of the sentinel lymph node based on individual 

lymphatic drainage, as an indicator of lymph node dissemination in patients with penile 

carcinoma.10 Nineteen patients with primary or recurrent squamous cell carcinoma of 

the penis underwent lymphatic mapping with 99mTc nanocolloid, patent blue dye and 

a hand-held gamma probe. No sentinel lymph nodes were found intraoperatively in 

four cases so regional lymph node dissection was not done. Five patients had positive 

sentinel lymph nodes and underwent regional lymph node dissection. In three patients 

dissemination was unilateral and in two bilateral. During follow-up (mean 23 months), 

there was one false-negative sentinel lymph node. 

Sentinel lymph node biopsy in vulvar cancer

About 90% of vulvar malignancies are squamous cell cancers. Prognosis mainly depends 

on the inguinofemoral lymph node status. The value of sentinel lymph node biopsy has 

recently been investigated by de Hullu et al.9 In a feasibility study on the identifi cation 

of the sentinel lymph node, 11 patients underwent lymphoscintigraphy and blue dye 

injection around the primary tumour. During the operation, a hand-held gamma probe 

was used to identify the sentinel lymph node. After removal of the sentinel lymph 

node, complete inguinofemoral lymphadenectomy was performed in all the patients. 

Ten patients could be evaluated. In eight patients, all the inguinofemoral lymph nodes 
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were negative for metastases, while in two patients, both the sentinel and non-sentinel 

lymph nodes showed metastatic disease. De Cicco et al. found comparable results in 15 

patients, but he used lymphoscintigraphy alone.4 

Sentinel lymph node biopsy in Merkel cell carcinoma

Merkel cell carcinoma is an aggressive cutaneous tumour with a propensity for local 

recurrence and early regional lymph node metastases. In contrast with malignant 

melanoma, there are no prognostic factors that predict metastases in patients with 

Merkel cell carcinoma. Messina et al. treated 12 newly diagnosed patients in a surgical 

protocol that consisted of preoperative lymphoscintigraphy, without blue dye.14 Two 

patients had metastatic disease in their sentinel lymph nodes and complete dissection 

of the nodal basins revealed additional positive nodes. The node-negative patients 

received no further surgical therapy and had no evidence of recurrent local or regional 

disease at a maximum of 26 months follow-up (median 10.5 months). The conclusion 

was that sentinel lymph node biopsy might identify a population of patients who would 

benefi t from further surgical lymph node dissection. 

Sentinel lymph node biopsy in thyroid cancer

Lymph node metastases from well-diff erentiated thyroid cancer are associated with 

high regional recurrence rates. Surgical options consist of blind nodal sampling, ‘berry 

picking’ procedures, and modifi ed radical neck dissection. Kelemen et al. recently 

investigated the feasibility of sentinel lymph node biopsy in thyroid cancer.12 Seventeen 

patients with a suspicious thyroid nodule that was not accompanied by palpable cervical 

adenopathy had a sentinel lymph node biopsy. During surgery, the aff ected thyroid lobe 

was exposed and isosulfan blue dye was injected directly into the thyroid mass. Within 

seconds, the blue dye passed along the lymphatics to the sentinel lymph node, which 

was then excised. 

Lymphatic mapping and sentinel lymph node biopsy was followed by total 

thyroidectomy, except in one patient, who underwent lobectomy for benign disease. In 

12 patients, the diagnosis of thyroid cancer was confi rmed histopathologically. Cervical 

lymphatic mapping was unsuccessful in two patients, whose lymphatics mapped to the 

retrosternum. Five (42%) out of the 12 malignant nodules were associated with positive 

sentinel lymph nodes. Neck dissection was performed in these fi ve patients and in two 

patients (17%) the sentinel lymph node was the only tumour-bearing lymph node. 

As an alternative, selective lymph node dissection lessens not only the chance of 

locoregional relapse, but also the number of complications. 

Future trials in breast cancer and melanoma

Recently four new large multicenter studies on breast cancer have been published by 

McNeil.13 The American College of Surgeons Oncology Group, will use routine histology 
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to determine which women have positive sentinel lymph nodes, then they will be 

randomized to have either axillary lymph node dissection or no further dissection. 

Women whose sentinel lymph nodes are negative will have no further dissection. 

Groups will be compared for patient outcome, including regional recurrence and 

survival. This study will also determine the signifi cance of micrometastases that show up 

only on immunohistochemical tests. 

The Bay Area Sentinel Node Study, a community hospital-based study, is randomly 

assigning patients to receive one of the two methods of locating sentinel lymph nodes: 

blue dye alone or blue dye with radioactive tracer. All the patients will have both sentinel 

lymph nodes and standard axillary node dissection. Sentinel lymph node identifi cation 

rate, accuracy (false negative rate) and community surgeons’ learning curves will be 

compared. A major objective is to determine which patients are most appropriate for 

sentinel lymph node biopsy by correlating factors like tumour size and grade with the 

false-negative rate. It will also examine the role of preoperative lymphoscintigraphy. 

In the Moffi  tt Cancer/Department of Defense Study, patients are being randomized 

over two groups who have sentinel lymph node biopsies: those whose sentinel lymph 

nodes are positive (they will receive axillary node dissection) and those whose sentinel 

lymph nodes are negative (they will have no further dissection). Regional recurrence, 

and recurrence-free and overall survival will be compared. The study is also comparing 

two assays for micrometastases-immunohistochemistry and polymerase chain reaction 

in nodes, blood and bone marrow-to learn how they correlate with each other and with 

outcome. 

A trial at the University of Vermont/National Surgical Adjuvant Breast and Bowel Project 

will randomly assign patients over two groups, one to have axillary node dissection 

and one to have sentinel lymph node biopsy. Groups will be compared for recurrence-

free and overall survival, lymph oedema and other side eff ects, and long-term regional 

control of the disease. 

The European Organisation for Research and Treatment of Cancer (EORTC) is also 

engaged in designing a study on breast cancer in which sentinel lymph node biopsy will 

play a central role. 

At present, experience with sentinel lymph node biopsy is still restricted and the 

available published data are limited to a handful of nonrandomized series of patients. 

Therefore, many questions have to be answered by future trials. In the recently published 

data by McNeil13 some of these questions have been listed for breast cancer, e.g. what is 

the long-term impact of sentinel lymph node biopsy on recurrence and survival rates? 

What is the false-negative rate? Which patients should be candidates and what are the 

cut-off  points for tumour size (3, 4 or 5 cm)? Is there always one lymph vessel going to 

one sentinel lymph node or are there sometimes more lymph vessels and more sentinel 

lymph nodes? What is the impact of multicentric primary breast cancer? What should we 

do if internal mammary nodes are demonstrated? What is the clinical impact of occult 
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micrometastases that are detected with immunohistochemistry or with the use of PCR? 

After how many sentinel lymph node biopsies is a surgeon experienced enough? Should 

the technique of using blue dye always be compared to a radioactive tracer and should 

it be injected into the tumour, around the tumour or into the overlying skin? All these 

questions have to be answered before sentinel lymph node biopsy can be adopted as a 

routine surgical procedure. 

In the meantime, one study is in progress on malignant melanoma at the John Wayne 

Cancer Center, in which wide local excision alone is being randomized against wide local 

excision and sentinel lymph node biopsy. Regional lymph node dissection is carried out 

if the sentinel lymph node is found to contain tumour cells. 

Conclusion

Lymphoscintigraphy and gamma-probe-guided localization of radiolabeled lymph 

nodes can direct the surgeon non-invasively to the exact location of the sentinel 

lymph node. Once localized with the gamma probe, it is quick and easy to remove the 

sentinel lymph node through a small skin incision. The identifi cation of the node from 

other tissue is aided by using blue dye which stains the lymph node. A combination of 

radioactivity and blue dye may be complementary for locating the sentinel lymph node. 
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the study; sentinel lymph nodes identifi ed in the most recent 87 procedures were 100% 

predictive. In 16 out of the 42 (38.0%) clinically negative/pathologically positive axillae, 

the sentinel lymph node was the only lymph node with tumour involvement. In 1997, 

Giuliano described a second series of 107 patients with sentinel lymph node biopsies 

in breast cancer. Sentinel lymph nodes were identifi ed in 100 patients: 42 patients had 

metastases in sentinel lymph nodes. No sentinel lymph node specimen was tumour-

negative if the corresponding axillary lymph node specimen for the same patient was 

tumour-positive.

Veronesi et al. described a consecutive series of 163 sentinel lymph node biopsies in 

women with operable breast cancer.18 As radioactive tracer, human serum albumin 

labelled with 99m Technetium was injected subdermally close to the tumour site on the 

day before surgery and scintigraphic images of the axilla and breast were taken. A mark 

was made on the skin over the site of the radioactive node (sentinel lymph node). During 

breast surgery, a hand-held gamma probe was used to locate the sentinel lymph node 

and it was possible to remove it separately through a small axillary skin incision. The 

sentinel lymph node predicted the axillary lymph node status accurately in 156 (97.5%) 

out of the 160 patients. In 32 (38%) out of the 85 cases with metastatic nodes, the only 

positive node was the sentinel lymph node. Veronesi et al. stated that one advantage 

of blue dye injection was that it could be done a few minutes before the operation, 

whereas lymphoscintigraphy must be carried out at least 2 h before surgery. However, 

the use of blue dye alone has an important drawback, because axillary tissue must be 

dissected blindly until blue vessels and the blue node are located. This node can lie at 

some distance from the incision. The advantage of a small hand-held gamma probe is 

that it locates the node and indicates exactly where the skin incision should be made 

(Figure 6). It also guides the surgeon to the sentinel lymph node itself, which makes this 

procedure quick and consistently successful. 

Veronesi also discussed the sentinel lymph node diagnosis on frozen section. Immediate 

and reliable intraoperative information on the condition of the sentinel lymph node is 

vital for the technique’s success, since the surgeon must decide whether or not to do 

a total axillary lymph node dissection. Veronesi described that in 83% of his cases, the 

intraoperative diagnosis was confi rmed by the fi nal histological examination. 

Figure 6. 

The hand-held probe locates the sentinel 

lymph node in breast cancer and indicates 

exactly where the skin incision should be 

made in the axilla. 
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‘Sentinel lymph node biopsy as a surgical staging method for solid cancers’

Review update (2006)

Melanoma

Multiple retrospective studies have validated the accuracy of sentinel lymph node 

biopsy and its importance as a prognostic tool for melanoma. Sentinel lymph node 

biopsy has become the standard approach for staging the regional lymph nodes.1 The 

accuracy of detecting occult lymph node metastases is the key strength of sentinel 

lymph node biopsy. Reverse transcriptase polymerase chain reaction (RT-PCR) analyses 

of the sentinel lymph nodes have been found to be more sensitive than haematoxylin 

and eosin staining or immunohistochemistry techniques, but lack of specifi city makes 

this technique impractical for routine use.2

Three major multicenter, prospective, randomized studies are underway to determine 

the therapeutic benefi t of sentinel lymph node biopsy in melanoma.3 

In 1994, the Multicenter Selective Lymphadenectomy Trial (MSLT)-I was initiated by 

Morton to determine the therapeutic benefi t of sentinel lymph node biopsy and the 

accuracy of the technique on a worldwide basis. Preliminary results show a high level 

of accuracy and low morbidity (10%).4 In 2005, at the American Society of Clinical 

Oncology, Morton reported the third interim analysis out of fi ve planned analyses. 

To date, there is no diff erence in survival between the wide local excision (WLE) and 

observation group compared with the WLE and sentinel lymph node biopsy group. 

However, patients in the sentinel lymph node biopsy group, who were treated with 

complete lymph node dissection (CLND) for metastases, had a better chance of survival 

compared with patients of the observation group who underwent delayed dissection for 

palpable nodes.5  

In 2005, a second trial, MSLT-II was initiated by the same research group. This trial should 

provide insights into the clinical signifi cance of lymph nodes evaluated by RT-PCR and 

the value of completion lymph node dissection for patients found to have tumour-

positive sentinel lymph nodes by haematoxylin-eosin, immunohistochemistry, or RT-

PCR.

The Sunbelt Melanoma Trial examines the effi  cacy of sentinel lymph node biopsy as a 

treatment for tumour-positive regional lymph nodes and the role of adjuvant interferon-

alpha.6 It can be concluded that the therapeutic value of sentinel lymph node biopsy in 

melanoma is still not confi rmed.2 

Breast cancer

Results are required from multicenter randomized trials (focusing on postoperative 

morbidity and recurrence-free and overall survival after sentinel lymph node biopsy 

followed by completion axillary lymph node dissection (ALND) in case of a tumour-

positive node), before sentinel lymph node biopsy can be accepted as best practice in 
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the care of breast cancer patients. To date, the only published randomized trials that 

focus on postoperative morbidity and recurrence-free and overall survival are a large 

multicenter study (n = 1031), a small multicenter study (n=298) and a single-institution 

study (n = 516).7-9 These trials were conducted to compare quality-of-life outcomes 

between patients with clinically node-negative invasive breast cancer who received 

sentinel lymph node biopsy and patients who received standard ALND. These studies 

have shown that sentinel lymph node biopsy is a safe and eff ective alternative to 

routine axillary dissection for nodal staging in early-stage breast cancer. Compared with 

standard axillary treatment, sentinel lymph node biopsy is associated with reduced arm 

morbidity and better quality of life with no increase in anxiety levels.10-12

However, there are insuffi  cient data to answer the most important question about 

sentinel lymph node biopsy; its eff ect on recurrence rates and survival. The answer to 

this awaits results from the Axillary Lymphatic Mapping Against Nodal Axillary Clearance 

(ALMANAC) trial as well as data from the ongoing National Surgical Adjuvant Bowel 

and Breast Project (NSABP-32) and the American College of Surgeons Oncology Group 

(ACOSOG) trials. 

There are insuffi  cient data to determine whether micro-metastases (lymph node 

metastases larger than 0.2 mm, but not larger than 2 mm) represent an adverse 

prognostic indicator and whether ALND should be carried out in all cases. Likewise, 

it remains unclear whether the presence of micro-metastases should be a factor in 

treatment decisions. However, metastasis is found in non-sentinel lymph nodes in 20% 

to 35% of patients, with micro-metastases in the sentinel lymph node. Until results of 

further studies addressing the clinical relevance of micro-metastases in the sentinel 

lymph node are published, the guidelines of the American Society of Clinical Oncology 

(ASCO) recommend routine ALND for patients with micro-metastases found on sentinel 

lymph node biopsy, regardless of the method of detection.13 In patients with sub-micro-

metastases (tumour deposits in the marginal sinus  ≤0.2 mm) and isolated tumour cells 

found on sentinel lymph node biopsy, ALND can safely be omitted from treatment.14 The 

ASCO does not recommend sentinel lymph node biopsy for patients with tumours larger 

than 5 cm. The guidelines do approve sentinel lymph node biopsy for women with more 

than one primary tumour, since recent studies have shown that the same sentinel lymph 

node is ‘sentinel’ for the entire breast.15-17

There remain variations in the technique of sentinel lymph node biopsy in breast cancer 

and controversies still exist surrounding a number of issues including the site of tracer 

injection, the value of extra-axillary nodal staging, the role for intraoperative assessment 

of the sentinel lymph node, the role of immunohistochemistry and the role of sentinel 

lymph node biopsy in women treated by neoadjuvant chemotherapy.

Penile cancer

Sentinel lymph node biopsy in penile carcinoma is of important diagnostic, prognostic, 
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and therapeutic value at the cost of only minor morbidity.18 The Netherlands Cancer 

Institute’s recent 10-year results in 123 patients with clinically negative groins, and in 

a further 17 in whom only one side was clinically negative, demonstrated improved 

results compared with previous reports. Sentinel lymph node metastases were present 

in 37 inguinal regions of 31 patients, while it was the only tumour-positive node in 78% 

(29 out of 37). Morbidity was minor (8%). The estimated 5-year disease-specifi c survival 

rates for patients with a tumour-negative or -positive sentinel lymph node were 96 and 

66%, respectively (p=0.001). However, false-negative results occurred in 16% (six out of 

37). Most of these occurred early in patients’ treatment and, after interim analysis of the 

false-negatives, important modifi cations were made to their treatment protocols. The 

research group in the Netherlands Cancer Institute now routinely performs preoperative 

ultrasonography and fi ne-needle aspiration cytology. Furthermore, exploration of the 

groin without visualized sentinel lymph nodes and intraoperative palpation of the 

wound have been introduced. As one case was actually missed on the initial histology, 

serial sectioning of the node with immunohistochemical analysis was instituted. 

Apparently, these modifi cations have resulted in no false-negative cases in the 60 

dynamic sentinel lymph node biopsies carried out after 2001.19

As with other areas of research in penile cancer, the fi eld suff ers from the disease’s 

inherent rarity; large prospective studies with long follow-up are both diffi  cult and 

time consuming. Nonetheless, for sentinel lymph node biopsy to fi nd acceptance, it 

must be tested within the gold standard of a controlled trial randomizing between 

sentinel lymph node biopsy and a wait and see policy. This can only happen with close 

collaboration between specialist cancer centers and may require the formation of 

national multicenter groups.20,21

Vulvar cancer

Vulvar cancer is the most frequently investigated gynaecological cancer with regard to 

sentinel lymph node detection because of its anatomical location and easily accessible 

nodal basin.22 For patients with vulvar cancer, sentinel lymph node biopsy is a promising 

staging technique. Based on 169 patients in fi ve studies, the sentinel lymph node 

procedure with at least the preoperative use of a radioactive tracer, eventually combined 

with blue dye, is highly accurate in predicting lymph node metastases, with a predictive 

value of a tumour-negative sentinel lymph node of nearly 100%.23

Based on the promising results of the accuracy studies, an observational international 

multicenter study has been coordinated by the UMCG (GROningen INternational Study 

on Sentinel lymph nodes in Vulvar cancer = GROINSS-V I). Only in case of a positive 

sentinel lymph node, is complete inguinofemoral lymphadenectomy performed and 

patients with negative sentinel lymph node(s) are observed every two months. The fi nal 

results of this study will give an initial insight into the safety of the sentinel lymph node 

biopsy procedure in patients with vulvar cancer. In GROINSS-V II, a second observational 
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international, multicenter study, patients receive radiotherapy on their groins instead 

of inguinofemoral lymphadenectomy when micrometastases are found in the sentinel 

lymph node(s).24

Although there are no randomized controlled trials yet, some data suggest that 

sentinel lymph node detection in vulvar cancer may alter clinical practice and reduce 

the number of radical groin lymphadenectomies and thereby reduce morbidity. 

The clinical implementation of the sentinel lymph node procedure and the role of 

additional histopathological techniques of the sentinel lymph nodes have to be further 

investigated. However, carcinoma of the vulva is a rare malignancy and therefore 

large randomized treatment trials based on sentinel lymph node triage are diffi  cult to 

perform.

A multicenter phase III study is ongoing in the United States (Gynaecology Oncology 

Group (GOG)-173) to further determine the accuracy of the sentinel lymph node 

biopsy procedure in vulvar carcinoma, by performing the sentinel lymph node biopsy 

procedure with isosulfan blue, followed by standard complete lymphadenectomy. Pre- 

or intraoperative lymphoscintigraphy is optional (http://www.cancer.gov/clinicaltrials).

Merkel cell carcinoma 

Sentinel lymph node biopsy detects Merkel cell carcinoma spread in one third of 

patients whose tumours would have otherwise been clinically and radiologically 

understaged, and who may not have received treatment to the involved node bed. 

Sentinel lymph node biopsy seems important for both prognosis and regional therapy 

and should, according to some authors, be performed routinely for patients with Merkel 

cell carcinoma.25-28

High-risk cutaneous squamous cell cancer 

Preliminary studies suggest that sentinel lymph node biopsy is technically feasible with 

low morbidity in patients with high-risk cutaneous squamous cell carcinoma. Further 

studies with larger populations and longer follow-up are essential to better delineate the 

advantages of this technique in the treatment of these patients.29,30

Thyroid cancer

Sentinel lymph node biopsy is technically feasible in patients with thyroid cancer. 

However, the role of this procedure in the clinical decision-making of these patients 

remains to be defi ned due to the questionable biological meaning of nodal metastases. 

Further studies are needed but currently, elective neck dissection in high-risk patients 

with diff erentiated thyroid cancer is probably safer than the alternative of sentinel lymph 

node biopsy and neck dissection when the node is tumour-positive.31 

In current literature, the average rate of sentinel lymph node identifi cation is 91% (range, 

66% to 100%) in thyroid cancer, and, when identifi ed, the sentinel lymph node accurately 
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predicts the disease status of the neck in most patients (range, 80% to 100%). Limitations 

and pitfalls to carrying out sentinel lymph node biopsy on thyroid cancer patients 

include staining of parathyroid glands, identifi cation of lymph nodes draining into the 

mediastinum, and the ‘shine-through’ eff ect. Sentinel lymph node biopsy is technically 

feasible, but for a disease in which nodal metastases are of debatable prognostic value, 

and elective neck dissection is not routinely indicated (except in medullary carcinoma), 

the clinical value of sentinel lymph node biopsy in the management of patients with 

diff erentiated thyroid cancer appears less promising.32,33 

Lung cancer

Sentinel lymph node biopsy in non-small-cell lung cancer is feasible, but the detection 

rate has to be improved. The technique is not yet suffi  ciently sensitive to have a role in 

reducing the extent of nodal dissection in these patients.34,35

Gastric cancer

Sentinel lymph node biopsy can be used to detect the sentinel lymph nodes in patients 

with gastric cancer. However, the lymphatic drainage of the gastrointestinal tract is much 

more complicated than other sites, skip metastasis being rather frequent. These issues, 

and the sensitivity of intraoperative pathologic examination, remain to be resolved 

before wide clinical application of the procedure in this disease can be instituted.36

Colorectal cancer

Sentinel lymph node biopsy is feasible and accurate for staging colorectal cancer, based 

on results of a multicenter trial.37 Patients with nodal disease may then be treated with 

adjuvant chemotherapy resulting in reduced recurrence. However, the sentinel lymph 

node biopsy procedure in combination with preoperative short-course radiotherapy and 

total mesorectal excision is not reliable in patients with rectal carcinoma.38

Anal cancer

Carcinoma of the anal canal is a relatively rare disease, comprising 1-2% of the 

gastrointestinal malignancies. Because of the low incidence of this cancer, sentinel 

lymph node biopsy has been investigated in only a limited number of patients. Not 

withstanding this, sentinel lymph node biopsy has proven to be safe and highly eff ective 

in the detection of occult metastases in this disease, although results are still rather 

preliminary. Further multicenter studies with larger numbers of patients are needed 

to validate the results from the initial studies and determine the ultimate role of the 

sentinel lymph node biopsy procedure in guiding individual treatment decisions.39

Cervical, uterine and ovarian cancer

Sentinel lymph node detection in cervical, uterine and ovarian cancers is less reliable, 
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not only because of technical diffi  culties, but also because there is no discrete lymph 

node basin in these malignancies. At present given the limited evidence available, 

sentinel lymph node biopsy will not become part of clinical assessment and will not alter 

clinical management in these cancers.22

Prostate, urinary bladder and testicular cancer

Preliminary results show that sentinel lymph node biopsy is feasible in prostate cancer 

and suggest that it may enhance the pathologic staging compared to modifi ed pelvic 

lymphadenectomy, due to the individual variability of the lymphatic drainage of this 

cancer.40,41

For urinary bladder and testicular cancer preliminary studies on sentinel lymph node 

biopsy demonstrate that the procedure is likely feasible also for these tumours.42,43 

Whether it is possible to replace standard diagnostic methods with this procedure 

remains to be determined in further studies. 

Oral and oropharyngeal squamous cell carcinoma

The sentinel lymph node biopsy concept has only been gaining support in head 

and neck cancer literature during the last few years, and several pilot studies have 

been published. The procedure has shown high sensitivity rates in pilot studies for 

oral and oropharyngeal squamous cell cancer across the globe, and is reliable and 

reproducible.32,44,45 The accuracy of sentinel lymph node biopsy in patients with head 

and neck squamous cell carcinoma is currently under investigation in a multicenter 

study sponsored by the American College of Surgeons Oncology Group (ACOSOG) 

that compares the results of sentinel lymph node biopsy with standard elective neck 

dissection.46

In summary, the diagnostic usefulness of sentinel lymph node biopsy has been well 

established in melanoma, breast, penile and vulvar cancer, but its therapeutic value 

remains unproven, with the exception of breast cancer. 

Preliminary studies suggest that sentinel lymph node biopsy is also technically feasible 

in patients with Merkel cell, high-risk cutaneous squamous cell, colorectal, anal, prostate, 

urinary bladder, testicular, oral and oropharyngeal squamous cell cancer. Further 

studies with larger populations and longer follow-up are essential to better delineate 

the advantages of sentinel lymph node biopsy in the staging and treatment of these 

malignancies. In the management of patients with thyroid, lung, gastric, cervical, 

uterine and ovarian cancer the clinical value of sentinel lymph node biopsy appears less 

promising.

 

Sentinel lymph node biopsy as a surgical staging method for solid cancers - review update



38

References

1. Morton DL, Thompson JF, Essner R, et al. Validation of the accuracy of 

intraoperative lymphatic mapping and sentinel lymphadenectomy for early-

stage melanoma: a multicenter trial. Multicenter Selective Lymphadenectomy 

Trial Group. Ann Surg 1999; 230: 453-65.

2. Essner R. Sentinel lymph node biopsy and melanoma biology. Clin Cancer Res 

2006; 12: 2320S-2325S.

3. Scheri RP, Essner R. Lymphatic mapping and sentinel lymphadenectomy in 

primary cutaneous melanoma. Expert Rev Anticancer Ther 2006; 6: 1105-10.

4. Morton DL, Cochran AJ, Thompson JF, et al. Sentinel node biopsy for early-stage 

melanoma: accuracy and morbidity in MSLT-I, an international multicenter trial. 

Ann Surg 2005; 242: 302-11.

5. Morton DL, Thompson JF, Cochran AJ, et al. Sentinel-node biopsy or nodal 

observation in melanoma. N Eng J Med 2006; 355: 1307-17.

6. McMasters KM, Noyes RD, Reintgen DS, et al. Lessons learned from the Sunbelt 

Melanoma Trial. J Surg Oncol 2004; 86: 212-23.

7. Mansel RE, Fallowfi eld L, Kissin M, et al. Randomized multicenter trial of sentinel 

node biopsy versus standard axillary treatment in operable breast cancer: the 

ALMANAC Trial. J Natl Cancer Inst 2006; 98: 599-609. 

8. Purushotham AD, Upponi S, Klevesath MB, et al. Morbidity after sentinel lymph 

node biopsy in primary breast cancer: results from a randomized controlled trial. 

J Clin Oncol 2005; 23: 4312-21.

9. Veronesi U, Paganelli G, Viale G, et al. A randomized comparison of sentinel-

node biopsy with routine axillary dissection in breast cancer. N Engl J Med 2003; 

349: 546-53.

10. Rietman JS, Geertzen JH, Hoekstra HJ, et al. Long term treatment related upper 

limb morbidity and quality of life after sentinel lymph node biopsy for stage I or 

II breast cancer. Eur J Surg Oncol 2006; 32: 148-52. 

11. Rietman JS, Dijkstra PU, Geertzen JH, et al. Short-term morbidity of the upper 

limb after sentinel lymph node biopsy or axillary lymph node dissection for 

Stage I or II breast carcinoma. Cancer 2003; 98: 690-6. 

12. Fleissig A, Fallowfi eld LJ, Langridge CI, et al. Post-operative arm morbidity and 

quality of life. Results of the ALMANAC randomised trial comparing sentinel 

node biopsy with standard axillary treatment in the management of patients 

with early breast cancer. Breast Cancer Res Treat 2006; 95: 279-93.

13. Lyman GH, Giuliano AE, Somerfi eld MR, et al. American Society of Clinical 

Oncology Guideline recommendations for sentinel lymph node biopsy in early-

stage breast cancer. J Clin Oncol 2005; 23: 7703-20. 

Chapter II



39

14. van Rijk MC, Peterse JL, Nieweg OE, et al. Additional axillary metastases 

and stage migration in breast cancer patients with micrometastases or 

submicrometastases in sentinel lymph nodes. Cancer 2006; 107: 467-71. 

15. Kumar R, Jana S, Heiba SI, et al. Retrospective analysis of sentinel node 

localization in multifocal, multicentric, palpable, or nonpalpable breast cancer. 

J Nucl Med 2003; 44: 7-10.

16. Schrenk P, Wayand W. Sentinel-node biopsy in axillary lymph-node staging for 

patients with multicentric breast cancer. Lancet 2001; 357: 122. 

17. Tousimis E, Van Zee KJ, Fey JV, et al. The accuracy of sentinel lymph node biopsy 

in multcentric and multifocal invasive breast cancer. J Am Coll Surg 2003; 197: 

529-35.

18. Kroon BK, Horenblas S, Meinhardt W, et al. Dynamic sentinel node biopsy in 

penile carcinoma: evaluation of 10 years experience. Eur Urol 2005; 47: 601-6.

19. Kroon BK, Horenblas S, Estourgie SH, et al. How to avoid false negative dynamic 

sentinel node procedures in penile carcinoma. J Urol 2004; 171: 2191-4. 

20. Ahmed HU, Arya M, Minhas S. Dynamic sentinel lymph node biopsy in penile 

cancer. Expert Rev Anticancer Ther 2006; 6: 963-7. 

21. Izawa J, Kedar D, Wong F, Pettaway CA. Sentinel lymph node biopsy in penile 

cancer: evolution and insights. Can J Urol 2005; 12 Suppl 1: 24-9. 

22. Adib T, Barton DP. The sentinel lymph node: Relevance in gynaecological 

cancers. Eur J Surg Oncol 2006; 32: 866-74.

23. Oonk MH, Hollema H, de Hullu JA, van der Zee AG. Prediction of lymph node 

metastases in vulvar cancer: a review. Int J Gynecol Cancer 2006; 16: 963-71.

24. de Hullu JA, van der Zee AG. Surgery and radiotherapy in vulvar cancer. Crit Rev 

Oncol Hematol 2006; 60: 38-58. 

25. Gupta SG, Wang LC, Penas PF, et al. Sentinel lymph node biopsy for evaluation 

and treatment of patients with Merkel cell carcinoma: The Dana-Farber 

experience and meta-analysis of the literature. Arch Dermatol 2006; 142: 685-90.

26. Gipponi M. Clinical applications of sentinel lymph-node biopsy for the staging 

and treatment of solid neoplasms. Minerva Chi 2005; 6: 217-33. 

27. Maza S, Trefzer U, Hofmann M, et al. Impact of sentinel lymph node biopsy in 

patients with Merkel cell carcinoma: results of a prospective study and review of 

the literature. Eur J Nucl Med Mol Imaging 2006; 33: 433-40. 

28. Schmalbach CE, Lowe L, Teknos TN, et al. Reliability of sentinel lymph node 

biopsy for regional staging of head and neck Merkel cell carcinoma. Arch 

Otolaryngol Head Neck Surg 2005; 131: 610-4.

29. Cecchi R, Buralli L, De Gaudioc C. Sentinel lymphonodectomy in non-melanoma 

skin cancers. Chir Ital 2006; 58: 347-51. 

Sentinel lymph node biopsy as a surgical staging method for solid cancers - review update



40

30. Reschly MJ, Messina JL, Zaulyanov LL, et al. Utility of sentinel lymphadenectomy 

in the management of patients with high-risk cutaneous squamous cell 

carcinoma. Dermatol Surg 2003; 29: 135-40.

31. Watkinson JC, Franklyn JA, Olliff  JF. Detection and surgical treatment of cervical 

lymph nodes in diff erentiated thyroid cancer. Thyroid 2006; 16: 187-94.

32. Devaney KO, Rinaldo A, Rodrigo JP, Ferlito A. Sentinel node biopsy and head and 

neck tumors-Where do we stand today? Head Neck 2006; 28: 1122-31. 

33. Rubello D, Pelizzo MR, Al-Nahhas A, et al. The role of sentinel lymph node biopsy 

in patients with diff erentiated thyroid carcinoma. Eur J Surg Oncol 2006; 32: 917-

21.

34. Tiff et O, Nicholson AG, Khaddage A, et al. Feasibility of the detection of the 

sentinel lymph node in peripheral non-small cell lung cancer with radio isotopic 

and blue dye techniques. Chest 2005; 127: 443-8. 

35. Rzyman W, Hagen OM, Dziadziuszko R, et al. Intraoperative, radio-guided 

sentinel lymph node mapping in 110 nonsmall cell lung cancer patients. Ann 

Thorac Surg 2006; 82: 237-42.

36. Mochiki E, Kuwano H, Kamiyama Y, et al. Sentinel lymph node mapping with 

technetium-99m colloidal rhenium sulfi de in patients with gastric carcinoma. Am 

J Surg 2006; 191: 465-9.

37. Saha S, Seghal R, Patel M, et al. A multicenter trial of sentinel lymph node 

mapping in colorectal cancer: prognostic implications for nodal staging and 

recurrence. Am J Surg 2006; 191: 305-10. 

38. Braat AE, Oosterhuis JW, Moll FC, et al. Sentinel node detection after 

preoperative short-course radiotherapy in rectal carcinoma is not reliable. Br J 

Surg 2005; 92: 1533-8.

39. Damin DC, Rosito MA, Schwartsmann G. Sentinel lymph node in carcinoma of 

the anal canal: a review. Eur J Surg Oncol 2006; 32: 247-52. 

40. Jeschke S, Nambirajan T, Leeb K, et al. Detection of early lymph node metastases 

in prostate cancer by laparoscopic radioisotope guided sentinel lymph node 

dissection. J Urol 2005; 173: 1943-6.

41. Silva N Jr, Anselmi CE, Anselmi OE, et al. Use of the gamma probe in sentinel 

lymph node biopsy in patients with prostate cancer. Nucl Med Commun 2005; 

26: 1081-6.

42. Liedberg F, Chebil G, Davidsson T, et al. Intraoperative sentinel node detection 

improves nodal staging in invasive bladder cancer. J Urol 2006; 175: 84-8.

43. Satoh M, Ito A, Kaiho Y, et al. Intraoperative, radio-guided sentinel lymph node 

mapping in laparoscopic lymph node dissection for Stage I testicular carcinoma. 

Cancer 2005; 103: 2067-72.

Chapter II



41

44. Paleri V, Rees G, Arullendran P, et al. Sentinel node biopsy in squamous cell 

cancer of the oral cavity and oral pharynx: a diagnostic meta-analysis. Head Neck 

2005; 27: 739-47.

45. Nieuwenhuis EJ, van der Waal I, Leemans CR, et al. Histopathologic validation of 

the sentinel node concept in oral and oropharyngeal squamous cell carcinoma. 

Head Neck 2005; 27: 150-8. 

46. Pitman KT. Sentinel node localization in head and neck tumors. Semin Nucl Med 

2005; 35: 253-6.

Sentinel lymph node biopsy as a surgical staging method for solid cancers - review update



42



Chapter III

Lymphatic mapping with 
intralesional tracer
administration in breast 
carcinoma patients

M.H. Edwina Doting1,2, Liesbeth Jansen3, Omgo E. Nieweg3, D. Albert Piers2, 

Anton T.M.G. Tiebosch4, Heimen Schraff ordt Koops1, Emiel J.Th. Rutgers3, 

Bin B.R. Kroon3, Johannnes L. Peterse5, Renato A. Valdés Olmos6, Jakob de Vries1

Departments of Surgical Oncology1, Nuclear Medicine and Molecular Imaging2, Pathology 

and Laboratory Medicine4, University Medical Center Groningen, 

Groningen, the Netherlands

Departments of Surgery3, Pathology5, Nuclear Medicine6, Netherlands Cancer Institute/

Antoni van Leeuwenhoek Hospital, Amsterdam, the Netherlands

Cancer 2000; 88: 2546-52



Introduction

Axillary lymph node dissection has been part of the standard treatment of breast 

carcinoma since it was proposed by Halsted (1852-1922).1 The axillary lymph node status 

represents the most important information for the prognosis of patients with breast 

carcinoma and is one of the parameters that indicate the need for adjuvant systemic 

treatment. Axillary lymph node dissection also assures regional tumour control and 

improves survival.2,3 Lymph node metastases are found in some 40% of patients.4,5 In the 

remaining 60%, no therapeutic benefi t is derived from axillary lymph node dissection. 

Yet, these patients are exposed to the morbidity associated with the procedure.6 These 

reasons provide the rationale for seeking less invasive approaches to stage the axilla.

It is noteworthy that 100 years later, Halsted’s idea of an orderly progression of lymphatic 

dissemination has been revived, while at the same time the routine axillary lymph node 

dissection that he introduced is on the brink of becoming obsolete.

Lymphatic mapping with sentinel lymph node biopsy was introduced as staging 

procedure in melanoma by Morton et al. in 1992.7 A sentinel lymph node is defi ned as 

the fi rst lymph node to which a primary tumour drains. Therefore, the sentinel lymph 

node is the fi rst lymph node in which metastasis can be found when dissemination has 

occurred. In analogy to melanoma, lymphatic dissemination of breast carcinoma has 

been shown to occur in a stepwise fashion.8 Lymphatic mapping appears to be a reliable 

approach to determine the lymph node status in breast carcinoma patients.9-11 

A stepwise spread through the lymphatic system justifi es the omission of regional lymph 

node clearance when the sentinel lymph node is free of disease.

In this article, we report the results of a two-center study of lymphatic mapping in breast 

carcinoma patients. The objectives of the study were to determine how often a sentinel 

lymph node is visualized on lymphoscintigraphy images, to determine how often the 

sentinel lymph node is identifi ed during the operation, and to establish its sensitivity in 

indicating the presence of axillary lymph node involvement.

We used the approach that appeared the most accurate to attain these goals. 

Preoperative dynamic and static lymphoscintigraphy was performed as well as 

intraoperative use of both a vital dye and a gamma detection probe. The tracers were 

administered into the primary lesion to ascertain drainage from the primary tumour and 

avoid visualizing drainage from other areas of the breast. Sentinel lymph node biopsy 

was followed by completion axillary lymph node dissection. The pathologist examined 

sentinel lymph nodes by step-sectioning, haematoxylin and eosin (HE) staining, and 

immunohistochemistry. The remainder of the axillary lymph nodes was examined by 

immunohistochemistry as well.

Patients and methods

This study was performed at the UMCG and at the Netherlands Cancer Institute/

Antoni van Leeuwenhoek Hospital. The Institutional Review Boards approved the 

study protocol. From October 1996 to January 1999, all patients who presented with 
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a palpable breast carcinoma at either institution were asked to participate in this 

study. Informed consent was obtained from those who were included. Patients with 

multicentric breast carcinoma, prior breast surgery, suspected axillary involvement, 

distant metastases, or pregnancy were excluded.

A total of 141 women with a mean age of 59 years (range, 30-89) were enrolled. 

Following the guidelines laid out in the protocol, fi ve patients were excluded afterwards 

because the lesion proved to be either multicentric or non-invasive at pathologic 

evaluation. The average tumour size in the remaining 136 patients was 1.9 cm (range, 

0.4-6.0). Most primary lesions (63) were situated in the upper outer quadrant of the 

breast, 28 in the upper inner quadrant, 19 in the lower outer quadrant, 11 in the lower 

inner quadrant, and 15 in the central area of the breast. Seventy patients had a T1 lesion 

(tumour diameter less than 2 cm), 61 a T2 lesion (more than 2 cm but not more than 5 

cm in greatest diameter), and fi ve a T3 tumour (more than 5 cm).12 The pathologic type 

was ductal carcinoma in 123 patients, lobular in 11, one tubular and one mucinous 

carcinoma.

Lymphoscintigraphy was performed on the day preceding the operation. A single 

dose of 40-60 MBq 99mTc-nanocolloid (Nanocoll; Amersham Cygne, Eindhoven, the 

Netherlands) in 0.2 mL normal saline was injected into the primary tumour in the breast, 

for both lymphoscintigraphy and intraoperative lymph node detection. A fi ne type of 

needle was used. With this technique, a resistance is felt when the needle enters the 

tumour, so that there can be no doubt as to the site where the tracer is administered. 

In patients with a large tumour, the tracer was distributed over various parts of the 

lesion. Anterior and lateral dynamic imaging to visualize the lymph fl ow was started 

immediately after the injection and continued for 20 minutes. Subsequently, an anterior 

and a lateral static scintigram were obtained. In the latter part of the study, the lateral 

view was made with a hanging breast technique to move the injection site with the 

bulk of radioactivity as far away as possible from the axilla. A radioactive fl ood source 

was used to outline the body contour. Another set of static images was made at 2 hours 

after injection. If necessary, imaging was repeated 4 hours and 7 hours after injection. 

Oblique images were obtained when indicated. The position of sentinel lymph nodes 

was marked on the skin with a dye. The following observations were reported: draining 

lymph node basin(s), presence and number of sentinel lymph nodes, and presence of 

second-echelon lymph nodes. The images were discussed with the surgeon before the 

operation.

Four surgeons performed the operations within 36 hours after lymphoscintigraphy. 

After induction of general anaesthesia, a dose of 1.0 mL Patent Blue V (Blue Patenté V; 

Laboratoire Guerbet, Aulnay-sous-Bois, France) was administered into the tumour. In 

the latter part of the study, the area around the tumour and the area in between the 

tumour and the axilla were massaged for several minutes to induce the lymph fl ow. 

An incision of approximately 4 cm was made over the axilla in such a way that it could 

be incorporated in the wound of the subsequent mastectomy or axillary lymph node 
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dissection. A blue stained lymphatic channel was sought underneath Scarpa’s fascia and 

then dissected down to the sentinel lymph node. The radioactivity was measured with 

a gamma detection probe (Neoprobe® 1000/1500; Neoprobe Corporation, Dublin, OH 

and Navigator; Autosuture Europe, Elancourt, France) exploiting the radioactivity that 

remained after lymphoscintigraphy the day before. If no blue duct could be identifi ed, 

the probe was used to guide the dissection. After excision of the sentinel lymph node, 

the wound was explored with the probe for additional ‘hot’ sentinel lymph nodes. 

Radioactivity in the excised lymph nodes was counted ex vivo. Sometimes, multiple 

lymph nodes were blue and/or radioactive. Lymph nodes with an aff erent blue or 

radioactive lymphatic duct coming from the direction of the breast were considered 

sentinel lymph nodes. Lymph nodes that received blue dye from another lymph node 

were considered to be non-sentinel lymph nodes. In the rare instance that the status of a 

lymph node could not be determined, we decided to err on the safe side and considered 

this lymph node a sentinel lymph node.

After the sentinel lymph node biopsy, half of the patients underwent wide local excision 

with axillary lymph node dissection (Berg levels I, II, III), and the other half underwent 

a modifi ed mastectomy (Madden). The needle tract was excised in continuity with the 

specimen with a surrounding skin ellipse. The sentinel lymph node biopsy wound in the 

axilla also was excised in continuity with the specimen.

The sentinel lymph nodes up to 0.5 cm were completely embedded; larger lymph 

nodes were dissected or lamellated in slides of 0.2 cm. All sentinel lymph nodes were 

step-sectioned with 500-micrometer intervals at three levels. At each level, both HE 

staining and immunohistochemistry were performed. Standard immunohistochemical 

procedures using an avidin-biotin detection system were used. A monoclonal antibody 

directed against cytokeratin was used (CAM 5.2.; Becton Dickinson, San Jose, CA). All 

the other lymph nodes were examined with immunohistochemistry staining at one 

level after complete embedding. The pathology result was described as positive when 

metastatic cells were found.

Results

A sentinel lymph node was visualized on the lymphoscintigraphy images in 118 patients 

(87%) (Figure 1). In the early part of the study, this was 72%; later on, this improved to 

more than 90%. Drainage to sentinel lymph nodes outside the axilla was observed in 25 

patients (18%). These patients are described in detail separately.13

The sentinel lymph node was identifi ed during the operation in 126 patients (93%). A 

total of 224 sentinel lymph nodes was harvested, with an average of 1.7 sentinel lymph 

nodes per patient (range, 1-4). Of all the sentinel lymph nodes, 37 were blue (17%), 68 

were radioactive (30%), and 119 were both blue and radioactive (53%) (Table 1). One or 

more sentinel lymph nodes outside the axilla were removed in 18 patients. 
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Figure 1. 

Lymphoscintigraphy image in a 35-year-old woman with a right T2 breast carcinoma is 

shown. The early dynamic image shows the radioactive primary tumour (1) and rapid fl ow 

to a parasternal lymph node (2). In the later static anterior and lateral images, a small lead 

shield masks the injection site, and the body contour is outlined by a radioactive fl ood source. 

These images reveal the axillary (3) and parasternal (2) sentinel lymph nodes and even a con-

tralateral (4) lymph node along the internal mammary artery. The parasternal lymph node 

was found to contain micrometastatic disease.

Table 1. 

Correlation between detection technique of sentinel lymph node and pathologic lymph 

node status

Tracer Sentinel lymph node (n) Tumour + (%) Tumour - (%)

Radioactive and blue 119 44 (37) 75 (63)

Radioactive 68 12 (18) 56 (82)

Blue 37 18 (49) 19 (51)

Total 224

Exploration with the aid of blue dye did result in successful identifi cation of the sentinel 

lymph node in eight of the 18 patients in whom no sentinel lymph node was visualized 

on the lymphoscintigraphy images. In 26 patients, a sentinel lymph node could be found 

neither with the blue dye technique, nor with the probe because of scattered radiation 

from the injection site. Excision of the primary tumour, where most of the tracer stays 

behind, enabled subsequent probe identifi cation in 16 of these patients.

The sentinel lymph node contained metastatic disease in 56 patients (44%). In seven 

patients (5.6%), this concerned a micrometastasis of less than 2 mm diameter. Three 

patients with a T1 tumour and micrometastasis in the sentinel lymph node(s) had 

additional tumour positive lymph nodes. In 23 patients (41%), the sentinel lymph node 

was the only tumour positive lymph node in the axilla. In the completion axillary lymph 

node dissection, an average of 15 lymph nodes was found (range, 6-24).

In three patients with a tumour free sentinel lymph node, metastatic disease was found 
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in the completion axillary lymph node dissection (sensitivity, 56 of 59 = 95%). In two 

of these patients, one positive lymph node was found in the axilla. In the third patient, 

fi ve positive lymph nodes were found. Additional sectioning of the three false-negative 

sentinel lymph nodes revealed no metastatic disease. Table 1 shows that sentinel lymph 

nodes that were only radioactive were less frequently tumour positive than sentinel 

lymph nodes that were blue (Pearson chi-square; 2 degrees of freedom; P = 0.002).

Discussion

In this study, a sentinel lymph node was identifi ed in 93% of the patients by using all 

available diagnostic techniques: dynamic and static imaging, intraoperative gamma ray 

detection probe, and vital dye. Administration of the tracers into the tumour was part of 

this careful approach. Some groups inject the tracer in the skin or subareolar plexus. This 

may enhance the identifi cation rate because the lymphatic drainage from these sites 

is supposed to be more abundant. However, injection of the tracer further away from 

the tumour increases the risk that a lymphatic ‘watershed’ is crossed and that the lymph 

node that is visualized is not the lymph node that drains the tumour.

As opposed to intralesional tracer administration, parasternal sentinel lymph nodes 

rarely are observed after intradermal tracer injection. Depositing the tracer around the 

tumour is in theory as accurate as injecting the tracer into the lesion but has several 

drawbacks. For instance, it is more diffi  cult to distribute the tracer all around the tumour. 

A theoretic problem is that the needle tip may end up underneath the fascia, when 

trying to inject around a deep lying tumour, because the resistance of the tumour is 

not felt after insertion of the needle. Needle tract metastasis may occur at the fascia 

because the needle may pass through one or more of the tumour protrusions. The 

risk of local recurrence then is enhanced in patients who undergo mastectomy. There 

is also a potential danger of needle tract seeding by intratumoural injection, but this 

needle tract is usually part of the mastectomy or irradiation fi eld in breast conservation. 

A practical drawback of peritumoural injection is that excision of the tumour to 

decrease the background level of radioactivity will be less effi  cient when a larger area 

of the breast contains radioactive tracer. In addition, multiple tracer injections around 

the tumour often may cause a too extensive injection site that may complicate the 

scintigraphic visualization of lymph nodes close to the injection site and subsequently 

its intraoperative detection with the gamma probe. Intratumoural injection technique 

was not widely used when we started our series in 1996. Our argument of theoretic 

advantage of injecting the tracer into the tumour was opposed by theoretic worries 

about tumour dissemination and needle tract seeding.14 Injection of the tracer into 

the primary tumour has been described by Giuliano et al. early in his experience.16 

He abandoned this technique later because of a poor sentinel lymph node retrieval 

rate (A.E. Giuliano, personal communication). In view of our favourable results with 

intralesional tracer administration (this study),8 Giuliano’s poor results may have been 

due more to lack of experience at that time than to a limited value of the technique 

Chapter III



49

proper.  The 93% identifi cation rate that we found with administration of the tracer into 

the primary tumour is not at odds with what other investigators found with injection at 

other sites (Table 2). 

Table 2. 

Results of sentinel lymph node biopsy obtained by various investigators 

Investigator (year) Patients Technique SLN identifi ed (%) False-negative (%)a

Fölscher et al. (1997)15 79 D 41 29

Giuliano et al. (1994)16 174 D 66 11

Roumen et al. (1997)17 83 LS, P 69 4

Guenther et al. (1997)18 145 D 71 10

Sandrucci et al. (1997)19 37 P 77 40

Reuhl et al. (1998)20 96 LS, P 80 25

Krag et al. (1994)21 22 P 82 0

Flett et al. (1998)22 68 D 82 17

Gill et al. (1997)23 36 LS, P 83 8

Crossin et al. (1998)24 50 P 84 13

Kapteijn et al. (1998)8 30 D 90 0

Barnwell et al. (1998)25 42 D, P 90 0

Albertini et al. (1996)26 62 D, P 92 0

Horgan et al. (1998)27 38 D 92 16

Giuliano et al. (1997)10 107 D 93 0

O’Hea et al. (1998)28 60 LS, D, P 93 13

Krag et al. (1998)29 443 P 93 11

Schneebaum et al. (1998)30 30 LS, D, P 93 22

Doting et al. (2000) 136 LS, D, P 93 5

Cox et al. (1998)11 466 LS, D, P 94 1

Borgstein et al.(1998)31 130 LS, P 94 5

Chatterjee et al. (1998)32 60 LS, D, P 97 5

Veronesi et al. (1997)9 163 LS, P 98 5

Off odile et al. (1998)33 41 P 98 0

Miner et al. (1998)34 42 D 98 14

Koller et al. (1998)35 98 D 98 6

Van der Ent et al. (1999)36 70 LS, D, P 100 4

SLN=sentinel lymph node; D=blue dye; LS=preoperative lymphoscintigraphy; P=99mTc-labeled colloid and gamma 

detection probe; aThe percentage of false-negative procedures is calculated for the patients with a tumour-con-

taining axilla.
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We expect the detection rate to improve further now that we routinely massage the 

injection site and use lateral imaging with the breast hanging.37,38 

Step-sectioning and immunohistochemistry enhance the sensitivity of lymphatic 

mapping.39,40 Our careful evaluation of the axillary lymph nodes that were removed at 

completion axillary lymph node dissection, by using immunohistochemistry is unusual 

(Table 3) but reduces the risk of missing metastases in non-sentinel lymph nodes. Other 

investigators have not used immunohistochemistry for these lymph nodes and may 

have missed metastases and false-negative cases. As a result, the sensitivity reported in 

other studies may prove to be too optimistic. 

Table 3. 

Pathologic techniques used to evaluate the sentinel lymph nodes and the lymph nodes in 

the remainder of the axilla 

Investigator (year) Sentinel lymph node Remainder axilla 

Doting et al. (2000) HE, IHC HE, IHC

Giuliano et al. (1994)16 HE, IHC HE

Giuliano et al. (1997)10 HE, IHC HE

Cox et al. (1998)11 HE, IHC HE

Borgstein et al. (1998)31 HE, IHC HE

Albertini et al. (1996)26 HE HE

Roumen et al. (1997)17 HE HE

Flett et al. (1998)22 HE HE

Guenther et al. (1997)18 HE HE

Krag et al. (1998)29 HE HE

O’Hea et al. (1998)28 HE HE

Barnwell et al. (1998)25 HE HE

Van der Ent et al. (1999)36 HE HE

Reuhl et al. (1998)20 HE HE

Crossin et al. (1998)24 HE HE

HE= haematoxylin and eosin; IHC= immunohistochemistry. 

What technique should be recommended based on our fi ndings and analysis of the 

literature? The question has been raised whether scintigraphy contributes anything 

to lymphatic mapping and whether it should be done at all.41 We argue in favour of 

lymphoscintigraphy for several reasons. A sentinel lymph node sometimes contains 

so little radioactivity that it cannot be identifi ed with a probe through the intact skin 

although it is depicted on the scintigraphy images. In 16% of cases, the sentinel lymph 

node that is visible on the scintigraphy images cannot be picked up with the probe 

because it is located so close to the primary lesion that its counts are overwhelmed 

by scattered gamma rays from the injection site, where the bulk of radioactivity stays 

Chapter III



51

behind. Such sentinel lymph nodes are likely to be missed without preoperative 

imaging. Another reason to advocate preoperative lymphoscintigraphy is that sentinel 

lymph nodes are located outside the axilla in a substantial number (18%) of patients. 

Lymphoscintigraphy will point out such sentinel lymph nodes. Therefore, based on 

the available evidence, the clear conclusion is that preoperative lymphoscintigraphy 

increases the likelihood of fi nding sentinel lymph nodes: the nuclear medicine physician 

provides the road map that guides the surgeon.

Nonvisualization of a sentinel lymph node is no reason to refrain from axillary 

exploration. In eight of the 18 patients with nonvisualization on scintigraphy, a sentinel 

lymph node was identifi ed during operation. In four of these eight patients, metastatic 

disease was found in that particular lymph node.

There are two approaches to identify the sentinel lymph node during the operation: 

instrument-guided mapping and visually guided mapping. Table 2 shows how various 

investigators perform the procedure and shows their results. Nine investigators (33%) 

rely on the blue dye technique only. Five investigators (19%) use only a radioactive tracer 

and a gamma detection probe. Thirteen investigators (48%) use various combinations of 

detection techniques. The success rates in identifying sentinel lymph nodes range from 

41% to 100%. The false-negative rates also comprise a wide range: 0-40%.

Our fi nding that sentinel lymph nodes may be either blue or radioactive confi rms the 

fi nding of Cox et al.11 Using the two detection techniques enables the surgeon to recover 

all sentinel lymph nodes. In addition, with the probe, one can fi nd a sentinel lymph node 

in odd locations such as the breast parenchyma or in the subclavicular fat pad. Such 

lymph nodes are bound to be overlooked when only blue dye is used. With the probe, 

one can identify the sentinel lymph node when the blue lymphatic duct is accidentally 

damaged and one loses the guiding track to the sentinel lymph node. During the 

learning phase, this is likely to happen. An important reason to use a vital dye is that the 

dye can visualize the order of drainage. This can help to distinguish fi rst-echelon lymph 

nodes from lymph nodes with secondary drainage. This is particularly useful when 

scintigraphy shows accumulation of the radiopharmaceutical in a multitude of lymph 

nodes without indicating the drainage sequence. Extensive exploration of the axilla to 

recover multiple radioactive lymph nodes needs to be avoided. Not every radioactive 

lymph node is a sentinel lymph node!

Based on these fi ndings, we recommend that a combined-detection technique with the 

probe and a vital dye is used. Surgeons who rely on either the blue dye technique or the 

probe are likely to miss sentinel lymph nodes. Either the excellent results reported with 

the blue dye approach or the probe approach may be explained by the examination 

of other axillary lymph nodes with just HE staining. Examination of these other lymph 

nodes with immunohistochemistry might have revealed more false-negative sentinel 

lymph node biopsies. The real false-negative rate may never be established because the 

NSBP-B04 study demonstrated that not all metastases in the axilla will become clinically 
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apparent.42 The clinically relevant false-negative rate will be revealed when the regional 

recurrences become apparent in patients in whom axillary lymph node dissection is 

omitted in case of a tumour free sentinel lymph node.

After careful consideration, we have now made the decision to abandon the routine 

axillary lymph node dissection. We are aware of the lack of published reports on the 

safety of this approach and explain this to our patients. They are off ered the choice 

between sentinel lymph node biopsy and elective axillary lymph node dissection. With 

few exceptions, they opt for the former. In favour of lymphatic mapping, it can be argued 

that sentinel lymph nodes are removed from locations that would not be touched in a 

routine axillary lymph node dissection. The removal of lymph nodes from outside the 

axilla and the increased scrutiny of the pathologist will improve staging and are likely to 

compensate for the low percentage of false-negative sentinel lymph node procedures.
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Introduction

Axillary lymph node dissection has long been part of the staging and locoregional 

treatment of primary operable breast carcinoma.1 It is known however, that this 

procedure, which has considerable morbidity does not improve survival.2,3 In 1991 

Guiliano and co-workers came with a new concept of axillary lymph node assessment: 

sentinel lymph node biopsy.4 This method, based on the idea by Morton that the lymph 

node on which the primary tumour drains will fi rst harbour metastatic disease, would be 

a less invasive alternative for axillary lymph node dissection.5 Although many studies of 

sentinel lymph node biopsy followed by axillary lymph node dissection have validated 

sentinel lymph node biopsy for primary operable breast carcinoma,6-8 there is little data 

available on patients treated with sentinel lymph node biopsy alone. Some investigators 

therefore warn that it is too early to accept this procedure as the standard of care in 

general practice, and that it fi rst has to be validated in randomized trials.9-14 Based on the 

results of our learning phase on which we published data before we felt it was justifi ed 

to off er sentinel lymph node biopsy as the standard of care in our institution.8 In this 

article we evaluate data on follow-up of 185 patients who underwent a sentinel lymph 

node biopsy in our hospital without axillary lymph node dissection if the sentinel lymph 

node was tumour-negative. The key indicator for this study was axillary recurrence.

Patients and methods

195 patients (194 female, 1 male) who presented at the UMCG in the period from 

January 1999 till June 2002, either with an operable primary breast carcinoma, or after 

excision of the primary tumour in a regional hospital, were included in this prospective 

study for sentinel lymph node biopsy. 

A total of ten patients were excluded afterwards; one patient was excluded because the 

breast tumour proved to be a metastasis of a carcinoid tumour of the small bowel. Nine 

patients were excluded because the primary tumour proved to be ductal carcinoma 

in situ (DCIS), resulting in a study population of 185 patients. Informed consent was 

obtained from all patients. One patient had bilateral disease, therefore 186 sentinel 

lymph node biopsy procedures were performed in 185 patients. The clinical and 

pathological characteristics are summarized in Table 1.

An experienced team of physicians in nuclear medicine, surgery and pathology treated 

all patients. Our sentinel lymph node biopsy technique has been described extensively 

before.8 Changes have been made in tracer volume and injection site. In short the 

procedure included the peritumoural injection of 60 MBq 99mTc-nanocolloid in 1 mL of 

saline, after which lymphoscintigraphy was performed using early and late dynamic and 

static imaging. Within 24 hours after lymphoscintigraphy patients were operated. Prior to 

the operation a dose of 1 mL Patent Blue V (Blue Patenté V; Laboratoire Guerbet, Aulnay-

sous-Bois, France) was injected peritumourally. The harvested sentinel lymph nodes 

were examined by the pathologist using both heamotoxylin and eosin (HE) staining 
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and immunohistochemistry for cytokeratin (CAM 5.2). Patients with a tumour-positive 

sentinel lymph node were off ered additional axillary lymph node dissection in a separate 

operation session. Follow-up was according to the Comprehensive Cancer Center 

protocols of Northern Netherlands (http://www.ikn.nl).

Table 1. 

Clinical and pathological characteristics of the study population

  n range

Age (years), average 58 (31-88)

Tumour size (cm), average    1.8 (0.2-8.5)

Tumour grade T1 132  

 T2 53

 T3 1 

Tumour location Upper outer quadrant 95 

 Lower inner quadrant 4 

 Upper inner quadrant 36  

 Lower outer quadrant 31

 Central 20 

Histology Ductal 145 

 Lobular 27  

 Other: 14    

      Papillary 2

      Tubular 3

      Carcinosarcoma 1

      Colloid carcinoma 1

      Not specifi ed 3   

T1=tumour diameter less than 2 cm; T2=tumour diameter more than 2 cm but no more than 5 cm in diameter; 

T3=tumour diameter more than 5 cm.

Results 

The results of this study are summarized in Table 2.  A sentinel lymph node was 

visualized on lymphoscintigraphy in 181 out of 186 procedures. In four of the fi ve 

unsuccessful lymphoscintigraphy-procedures the sentinel lymph node could be 

identifi ed during operation; by blue dye alone in three patients and in one patient by 

both blue dye and the handheld gamma detection probe. 
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Table 2. 

Results of the sentinel lymph node biopsy

  n range

Lymphoscintigraphy

 Total number of SLNs 257 

 Average per patient 1.4 (1-4) 

 Failed procedures 5 

Operation

 Total number of SLNs 289 

 Average per patient 1.6 (1-6)

 Failed procedures 6

SLN identifi cation

 Found only with dye 12 

 Found only with probe 19

 Found by combination 149

 Not found 6

Histology SLN 

 Positive 73 

 Micro IHC 11

 Negative 107

Histology on completion ALND in 

SLN-positive patients 

 Positive 27

 Negative 36 

SLN=sentinel lymph node; IHC=immunohistochemistry; ALND=axillary lymph node dissection.

During operation sentinel lymph nodes were identifi ed in 180 out of 186 procedures. 

In six procedures the sentinel lymph node could not be found, despite preoperative 

lymphoscintigraphy had shown a faint hot spot in fi ve out of these six procedures. 

They underwent axillary lymph node dissection and in four patients the lymph nodes 

contained metastasis. Both preoperative lymphoscintigraphy and intraoperative sentinel 

lymph node identifi cation were unsuccessful in one patient, in whom ten out of 16 

lymph nodes appeared to be tumour-positive after axillary lymph node dissection. 

Obstruction of lymph vessels may have caused the procedure to fail in these patients. No 

correlation was found between the number of positive lymph nodes at axillary lymph 

node dissection and failure to identify the sentinel lymph node.

The sentinel lymph node contained metastasis in 73 patients, of whom 63 patients 

underwent axillary lymph node dissection. Of those patients 27 had one or more 

additional lymph nodes containing metastatic disease. Ten patients refused a second 

operation. Reasons for this were various and included age and co-morbidity. Those 
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patients received radiotherapy treatment of the axilla. 

One patient had an anaphylactic reaction to blue dye and this patient needed 

mechanical ventilation and intensive treatment but recovered fully. This case is described 

extensively elsewhere.15 No further major complications occurred in this population. 

The median follow-up is 35 months (range, 17-59). During follow-up one 68-year-old 

woman had a regional recurrence, 26 months after a tumour-negative sentinel lymph 

node biopsy procedure in the same lymph node basin. This patient presented with a 

tumour in the upper outer quadrant of her right breast, which had a clinical diameter of 

2 cm. On preoperative lymphoscintigraphy there was one sentinel lymph node, located 

in the axilla. A highly experienced surgeon performed a lumpectomy and sentinel 

lymph node biopsy and found one hot and blue lymph node. On pathology, the primary 

tumour proved to be a 1.3 cm large grade I ductal carcinoma. The sentinel lymph node 

was negative for metastasis. The pathological size of the recurrence was 1 cm. On axillary 

lymph node dissection fi ve out of nine lymph nodes were positive for metastasis. She 

received delayed radiotherapy to the axilla and hormonal therapy and is alive today 

without disease. This gives a false negative-rate of 1 out of 74 tumour positive patients = 

1%.16

Discussion 

To date at least fourteen studies have provided data on sentinel lymph node biopsy 

without further axillary dissection in patients with sentinel lymph node-negative breast 

carcinoma. Results of those studies are shown in Table 3.

With a false-negative rate of 1% after a median follow-up of 35 months our results 

support the conclusion of those studies: that sentinel lymph node biopsy is a safe and 

reliable procedure for determining the nodal status and to ensure locoregional control. 

Currently the NSABP-32 study is underway.17 This study randomizes sentinel lymph 

node-negative patients to adjuvant axillary lymph node dissection and no axillary lymph 

node dissection and will give the defi nite scientifi c evidence on the reliability of the 

procedure in several years. 
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Table 3. 

Results of studies on sentinel lymph node biopsy without axillary lymph node dissection in 

patients with negative sentinel lymph node

Investigator (year) SLN (-) SLN (+) median FU FN FNR  

  pts (n) pts (n) (months) (n) (%)16

Giuliano et al. (2000)30 67 58 39 0 0

Veronesi et al. (2001)31 280 93 <24 0 0

Roumen et al. (2001)32 100 43 24 1 2.3

Schrenk et al. (2001)33 82 63 22 0 0

Meijer et al. (2002)34 100 - 47 1 -

Hansen et al. (2002)35  238 - 39 0 0

Shivers et al. (2002)36 - - 16 0 0

Chung et al. (2002)37 206 - 26 4 -

Reitsamer et al. (2003)38  116 - 22 0 0

Burgmans et al. (2003)39 161 107 39 4 2.5

Veronesi et al. (2003)40 167 92 46 0 0

Ponzone et al. (2003)41 150 57 15 0 0

Van Berlo et al. (2003)42 107 55 - 0 0

Badgwell et al. (2003)43 159 63 32 1 1.6

Current study 107 78 35 1 1

‘-’=not mentioned in article; SLN=sentinel lymph node; SLN (-) pts=sentinel lymph node negative patients; SLN (+) 

pts=sentinel lymph node positive patients; FU=follow-up; FN=false-negative; FNR=false-negative rate.

False-negative rate

From extensive literature on sentinel lymph node biopsy followed by axillary lymph 

node dissection we know that during the learning phase of sentinel lymph node 

biopsy the false-negative rate drops, but never reaches zero, and is always around 

5%.18,19 Reasons for this, apart from fl aws in nuclear medicine, surgical and pathological 

technique, might be obstruction of lymph drainage by tumour or extensive infi ltration of 

tumour in the primary lymph node.20 

Why did we have a false-negative rate of only 1% in this study? It can be argued that 

the follow-up is still too short. However, the NSABP-B04 study showed that 75% of the 

axillary recurrences appear within the fi rst two years of follow-up.21 The same study 

showed that in only 20% of the patients with breast carcinoma axillary recurrences 

become clinically apparent, while actually 40% do have axillary metastasis. 

We also know that adjuvant systemic therapy reduces the risk of regional recurrences.22-24 

Twenty-six out of the 107 patients with a tumour-negative sentinel lymph node in this 

study received adjuvant therapy which may have contributed to the low false-negative 

rate. The number of patients treated with adjuvant therapy is very low, because most 

patients presented with small tumours of low grade. These patients did not receive 
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adjuvant therapy, according to regional guidelines in the study period. 

What is the impact of a false-negative sentinel lymph node biopsy? In this case the 

patient received adjuvant therapy with a delay of 26 months. It is not known from 

literature however, whether a long-term delay in adjuvant chemotherapy after surgery 

for oestrogen-receptor (ER)-positive patients reduces the effi  cacy of this treatment.25,26 

Nowadays most patients will receive adjuvant systemic therapy based on features of 

the primary tumour. In a study assessing the implications of a false-negative sentinel 

lymph node biopsy on the treatment of breast carcinoma patients, Nano and co-

workers found that in only two out of the 285 patients that underwent a sentinel 

lymph node biopsy, the status of the sentinel lymph node would have had impact on 

their treatment and their survival prospects.11 But in patients such as our case, with 

apparently good prognosis primary tumours, accurate lymph node staging is very 

important because it can radically alter the management. Are these very infrequent but 

serious errors acceptable? We believe they are; the pathological evaluation of sentinel 

lymph nodes is much more thoroughly than that of the nodes of an axillary lymph node 

dissection. Therefore in a successful sentinel lymph node biopsy the axilla of a patient 

is more accurately staged than with an axillary lymph node dissection. We now fi nd 

micrometastasis (and even isolated tumour cells), we did not fi nd before. Besides this 

there is a lower morbidity in patients staged with a sentinel lymph node biopsy.27

Axilary lymph node dissection after positive sentinel lymph node biopsy

On completion axillary lymph node dissection in our series 43% of the patients with 

a positive sentinel lymph node had one or more additional positive lymph nodes. 

Completion axillary lymph node dissection was off ered to all patients with tumour-

positive sentinel lymph nodes, but it is not sure if this is really necessary, especially in 

patients with micrometastasis. All patients with a tumour-positive sentinel lymph node 

who refused axillary lymph node dissection in this study and therefore received axillary 

radiotherapy are alive today without disease. Two studies are currently investigating 

the necessity of completion axillary lymph node dissection. The European EORTC 

10981 AMAROS (After Mapping of Axilla Radiotherapy Or Surgery) trial is comparing 

axillary radiotherapy versus completion axillary lymph node dissection in patients with 

a tumour-positive sentinel lymph nodes and hopes to fi nd comparable locoregional 

control with less morbidity in the patients treated with axillary radiotherapy.28 The 

ACSOG-Z0011 trial is randomizing patients with a tumour-positive sentinel lymph node 

to axillary lymph node dissection and no axillary lymph node dissection.17 Both groups 

receive systemic therapy and breast irradiation. Objective of this study is to look for 

diff erences in survival, local control and morbidity between both groups. 

There is much discussion on the topic of micrometastasis. The twelve patients 

with micrometastasis in this series were off ered completion axillary lymph node 

dissection. Four patients refused and of the eight patients that underwent completion 
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axillary lymph node dissection two had additional tumour positive nodes. De 

Widt-Levert and co-workers found that most patients with a clinically T1 tumour 

and micrometastasis or isolated tumour cells in the sentinel lymph nodes do not 

benefi t from completion axillary lymph node dissection.29 The defi nite answer on 

the importance of micrometastasis will probably come from the ACSOG-Z0010 trial, 

where immunhistochemistry staining on haemotoxylin and eosin-negative sentinel 

lymph nodes is done in a blinded manner and all patients, including those with 

micrometastasis, receive sentinel lymph node biopsy only.17

Conclusion

In conclusion we can say that in the hands of an experienced team of professionals 

(nuclear medicine, surgery and pathology), sentinel lymph node biopsy without axillary 

lymph node dissection in sentinel lymph node-negative breast carcinoma appears 

to be a safe and reliable procedure for determining the nodal status and to ensure 

locoregional control.
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Introduction

In 1993 Krag et al. published the fi rst study of sentinel lymph node biopsy in patients 

with invasive breast cancer.1 99mTc-labeled colloid was injected intraparenchymally 

around the primary tumour 1-4 h prior to surgery to map the lymphatic tract and to 

identify the sentinel lymph node by a hand-held gamma ray detection probe. Giuliano 

and co-workers published in 1994 their initial work of intraoperative lymphatic mapping 

with a vital blue dye.2 Both techniques were combined by Albertini and co-workers in 

an eff ort to improve the detection rate and to reduce the ‘learning curve’.3 Veronesi and 

co-workers documented in a randomized comparison of sentinel lymph node biopsy 

with routine axillary lymph node dissection in breast cancer patients, that sentinel lymph 

node biopsy is a safe and accurate method of screening the axillary lymph nodes for 

metastasis in women with small breast cancer.4 Within a decade sentinel lymph node 

biopsy has become the standard of care for axillary lymph node staging in clinically T1-

T2 node-negative breast cancer patients in the Netherlands and other western countries.

Preoperative lymphoscintigraphy, blue dye injection at the time of surgery, and 

intraoperative use of a gamma ray detection probe are the three methods to locate 

sentinel lymph nodes. Preoperative lymphoscintigraphy can be obtained in a dynamic 

study, e.g. in the fi rst period after tracer administration (‘immediate’ lymphoscintigraphy) 

as well as three hours later (‘3 h post-injection’ lymphoscintigraphy). In theory the 

immediate images would be more accurate because it allows direct identifi cation of 

sentinel lymph nodes, whereas in 3 h post-injection imaging diff erentiating fi rst- from 

second-echelon nodes is diffi  cult and generally all hot spots are considered sentinel 

lymph nodes. Intraoperative detection of gamma radiation is objective, whereas 

detection of blue staining of a node at the time of surgery can be diffi  cult and operator 

dependent and thus less reliable. However, blue dye may help to distinguish fi rst-

echelon nodes from nodes with secondary drainage. This is particularly useful when 

lymphoscintigraphy shows accumulation of radioactive tracer in a multitude of nodes 

without indicating the drainage sequence. The three methods are best used in a 

complementary fashion rather than independently.5 

This study was performed to defi ne the value of immediate dynamic versus 3 h post-

injection lymphoscintigraphy in sentinel lymph node biopsy in breast cancer patients, 

and in particular whether immediate imaging could safely be omitted.

Patients and methods 

Patients

One hundred and sixty-two women with proven invasive breast cancer (T1-T2) and a 

clinical negative axilla underwent immediate and 3 h post-injection lymphoscintigraphy. 

Three patients suff ered from bilateral breast cancer and these women underwent a 

sentinel lymph node biopsy procedure at both sites resulting in 165 sentinel lymph 

node biopsy procedures. Patient characteristics are presented in Table 1. Patients with 
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multicentric breast cancer, suspected axillary involvement, prior major breast or axillary 

surgery that could interfere with lymphatic drainage and/or distant metastases were 

excluded for sentinel lymph node biopsy. An experienced team of specialists in nuclear 

medicine, surgery and pathology treated all patients.

Table 1. 

Patient characteristics

n %

Median age (years)* 58 (32-88)

Aff ected breast Left

Right

74

91

45

55

Clinical stage T1N0M0

T2N0M0

113

52

68

32

Breast quadrant Upper outer

Upper inner

Lower outer

Lower inner

Central

66

36

26

24

13

40

22

16

14

8

*values in parenthesis are ranges.

Lymphoscintigraphy 

A 2-day protocol was used. Lymphoscintigraphy was performed on the day preceding 

the operation. A single dose of 40-60 MBq 99mTc-nanocolloid (Nanocoll; Amersham 

Cygne, Eindhoven, the Netherlands) in 1 mL saline was injected intraparenchymal 

in four depots around the primary tumour or biopsy scar site, in case of a previously 

performed excisional biopsy, for both lymphoscintigraphy and intraoperative lymph 

node detection. The particles of 99mTc-nanocolloid are smaller than 80 nm in size, which 

meets the criteria for optimal inert colloids for interstitial lymphoscintigraphy. In case of 

non-palpable breast cancer, injection was preceded by stereotactic needle localization. 

For imaging a single headed gammacamera (Diacam, Siemens, Hoff mann Estates, IL, 

USA) was used equipped with Low Energy All-Purpose collimator. The energy window 

was centered on the 99mTc photopeak of 140 KeV, using a 15% window. Zoom factor was 

1, image matrix 128 x 128 pixels for dynamic and 256 x 256 pixels for static acquisition. 

Anterior dynamic imaging (30 seconds images) to visualize the lymph fl ow was started 

immediately after the injection and continued for 30 minutes. Subsequently, anterior 

and lateral static lymphoscintigrams in an acquisition time of 5 minutes were obtained. 

A radioactive 57Cobalt-fl ood source was used to outline the body contour. These images 

were considered ‘immediate’. Another set of fi ve-minute late static images was made at 

three hours after injection and again the body contour was outlined by a radioactive 
57Cobalt-fl ood source. If no focal accumulation of radioactive tracer in the lymph node 
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basin(s) was seen, a repeat injection was given intracutaneously and imaging was 

repeated three hours after this second injection. The position of sentinel lymph nodes 

was marked on the skin with waterproof ink. 

Criteria to distinguish the sentinel lymph node from second-echelon lymph nodes 

were the visualization of an aff erent lymphatic channel leading from the injection site 

to the sentinel lymph node or, if no aff erent channels were seen, the fi rst lymph node 

appearing in each basin. 

The lymphoscintigrams were discussed with the surgeon before the sentinel lymph 

nodes were excised. Immediate and 3 h post-injection lymphoscintigrams were 

evaluated with regard to location of draining lymph node basins and location, number 

and sequence of appearance of sentinel lymph nodes. Surgical results were compared 

with the lymphoscintigrams.

 

Surgery

After induction of general anesthesia, a dose of 1.0 mL Patent blue dye (Laboratoire 

Guerbet, Aulnay-Sous-Bois, France) was injected peritumourally. Ten minutes after 

injection all nodal basins identifi ed by lymphoscintigraphy were explored surgically 

through limited incisions. Surgical dissection was guided by a hand-held gamma ray 

detection probe (Neoprobe®1000 and 1500, Johnson & Johnson Medical, Hamburg, 

Germany) and by looking for blue-stained aff erent lymphatic vessels that led to 

blue-stained sentinel lymph nodes. Once the sentinel lymph nodes had been excised the 

probe was used to search the resection bed to ensure that there were no residual areas 

of high radioactivity. Sometimes, multiple lymph nodes were blue and/or radioactive. 

Lymph nodes with an aff erent blue lymphatic channel coming from the direction of 

the breast were considered to be sentinel lymph nodes. Lymph nodes that received 

blue dye from another lymph node were considered to be second-echelon nodes. After 

excision of the sentinel lymph nodes, the fi nal probe survey of the draining lymph node 

basin should reveal only background radioactivity (less than 10% of that of the most 

radioactive resected sentinel lymph node).

Extra-axillary regions were explored only in case of lymphoscintigraphic visualization. 

Extra-axillary sentinel lymph nodes were identifi ed by the combined detection 

technique, in the same manner as axillary sentinel lymph nodes were identifi ed. Internal 

mammary chain sentinel lymph nodes were explored either through the incision made 

for the removal of the primary tumour or through a small separate transverse incision 

over the intercostal space concerned. After splitting the pectoral muscle fi bres, the 

intercostal muscles were separated from the lower rib to expose the fatty tissue along 

the internal mammary vessels on the surface of the parietal pleura without dividing ribs.

If no radiocolloid or blue dye drainage was observed to any region, the sentinel lymph 

node biopsy procedure was considered to have failed and a level I and II axillary lymph 

node dissection was performed. 
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Pathology

All sentinel lymph nodes were formalin-fi xated, bisected, paraffi  n-embedded, and cut 

at a minimum of six levels at 50- to 150-μm intervals. Pathologic evaluation included HE 

and immunohistochemical staining (CAM 5.2, Becton Dickinson, San Jose, CA). All lymph 

nodes from the axillary lymph node dissection were evaluated using routine HE staining.

Results

Visualization of sentinel lymph nodes occurred in immediate lymphoscintigraphy with 

dynamic imaging in 50 patients (30%) and in immediate static imaging in 63 patients 

(38%). 3 h post-injection lymphoscintigraphy showed sentinel lymph nodes in 163 

procedures (99%) (Table 2). 

Table 2. 

Sentinel lymph node visualization on preoperative lymphoscintigraphy (n=165) 

Visualization

n %

Immediate lymphoscintigraphy

   Dynamic images (0-30 min p.i.)

   Early static images (30-40 min p.i.)

3 h post-injection lymphoscintigraphy

   Late static images (180 min p.i.)

   Late static images after repeat injection (360 min p.i.)

50

63

146

17

30

38

88

11

Overall visualization

Overall non-visualization (failures)

163

2

99

1

p.i.=post injection. 

In two procedures (1%) lymphoscintigraphy revealed no uptake of radioactivity despite 

repeat injection. These were considered failures and level I and II axillary lymph node 

dissection was performed. In one of these two patients no metastases were found on 

pathologic evaluation. In the other patient eight out of 16 lymph nodes contained 

metastases, including fi ve lymph nodes with macrometastases.

In 17 procedures (10%), in which immediate lymphoscintigraphy had visualized 

sentinel lymph nodes, additional lymph nodes were seen on 3 h post-injection 

lymphoscintigraphy. In nine procedures (5%) these additional lymph nodes were seen 

in a second draining lymph node basin and these nodes were considered fi rst-echelon 

nodes, i.e. sentinel lymph nodes. In the remaining eight procedures (5%) the sentinel 

lymph nodes and additional lymph nodes were seen in the same draining lymph node 

basin. It is possible that not all of these additional nodes, i.e. one to two per patient, were 

fi rst-echelon but in fact second-echelon nodes. Due to lack of visible lymphatic channels 

and limited resolution of the gamma camera, the improvement of interpretation of 
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preoperative sentinel lymph node imaging by immediate lymphoscintigraphy was 

minimal (Figure 1, Figure 2, Table 3). 

Figure 1. 

Lymphoscintigraphy reveals transport of the tracer from the injection site (large spot) along 

an invisible lymphatic channel towards one axillar sentinel lymph node (small spot) at imme-

diate dynamic anterior imaging; ant=anterior view; min=minutes; SLN=sentinel lymph node; 

Injection=injection site of 99mTc-nanocolloid .

Table 3. 

Value of immediate lymphoscintigraphy 

 n  (%) Value of early LS

Additional hot spots in 3 h post-injection 

lymphoscintigraphy compared to early 

lymphoscintigraphy 17 (10)

In diff erent lymph node basins 9    (5) no

In same lymph node basin 8    (5) minimal

n = procedures; LS = lymphoscintigraphy.
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Figure 2. 

Anterior and lateral view lymphoscintigrams of immediate and 3 h post-injection static im-

aging confi rming drainage to the axilla with visualization of one sentinel lymph node (small 

spot); min=minutes; p.i.=post-injection.

Non-axillary sentinel lymph nodes were seen in 28 lymphoscintigrams (17%) together 

with axillary sentinel lymph nodes, except for one isolated intraparenchymal sentinel 

lymph node. The internal mammary chain was the most frequent location of sentinel 

lymph nodes outside the axilla. These nodes counted for 61% of all non-axillary sentinel 

lymph nodes. Intraparenchymal, infraclavicular and supraclavicular sentinel lymph nodes 

were seen in respectively seven (25%), three (11%) and one (3%) non-axillary sentinel 

lymph node biopsy procedure(s) (Table 4). Intraoperative identifi cation of sentinel lymph 

nodes outside the axilla was found to be more diffi  cult than for sentinel lymph nodes in 

the axilla, but without additional morbidity, the majority of these lymph nodes could be 

harvested (68%).
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Table 4. 

Results of surgical identifi cation of non-axillary sentinel lymph nodes 

Ipsilateral

IMC (n)

Intraparen-

chymal (n)

Infracla-

vicular (n)

Supracla-

vicular (n) Total (n)

Identifi cation  14 (82)*   2 (29)  2 (67)  1 (100)  19 (68)

Reason of non-

identifi cation

    Not explored  -  5 (71)  1 (33)  -  6 (21)

    Not identifi ed  3 (18)  -  -  -  3 (11)

Total  17 (61)  7 (25)  3 (11)  1 (3)  28 (100)

IMC=internal mammary chain; *values in parenthesis are percentages.

In six patients (4%) the sentinel lymph nodes that were visualized by preoperative 

lymphoscintigraphy could not all be identifi ed during operation with blue dye and/or 

a gamma ray detection probe. Axillary sentinel lymph nodes could not be identifi ed 

in three procedures and internal mammary chain sentinel lymph nodes could not be 

identifi ed in another three procedures (Table 5). 

If non-axillary sentinel lymph nodes could be identifi ed successfully, staging was 

improved in three patients (3 out of 63 tumour-positive sentinel lymph node procedures 

(5%)). These patients were upstaged and received radiotherapy to the internal mammary 

chain.

Discussion 

The goal of this study was to investigate if immediate lymphoscintigraphy could be 

omitted in lymphoscintigraphy in breast cancer management. This study showed 

that in 17 procedures (10%) additional lymph nodes were seen on 3 h post-injection 

lymphoscintigraphy. In nine procedures (5%) these additional lymph nodes were seen 

in a second draining lymph node basin and these nodes were considered fi rst-echelon 

nodes, i.e. sentinel lymph nodes. So, in these patients immediate lymphoscintigraphy did 

not contribute to distinguish fi rst-echelon from second-echelon nodes. In the remaining 

eight procedures (5%) the sentinel lymph nodes and additional lymph nodes were seen

in the same draining lymph node basin. Due to lack of visible lymphatic channels and 

limited discriminating power of the gamma camera, the interpretation of preoperative 

sentinel lymph node imaging was not really improved by immediate imaging in these 

procedures. Therefore we conclude that the added value of immediate imaging is 

minimal and that immediate lymphoscintigraphy can safely be omitted in sentinel 

lymph node biopsy in breast cancer patients at the expense of removing a few second-

echelon nodes. This is in agreement with previous studies.6-9 

Chapter V



77

Table 5. 

Characteristics of six patients in who visualized sentinel lymph nodes could not be identifi ed during operation

SLN identifi ed 

by LS

SLN identifi ed 

by surgery Pathology  

UICC 

clinical 

stage

Tumour 

location 

(quadrant)

Age 

(years)

Axillary 

(n)

IMC

(n)

Axillary 

(n)

IMC

(n)

Axillary IMC ALND Adjuvant 

treatment

T1N0 UO 67 1 - n.i. - - - 0/7* -

T2N0 LO 47 1 - n.i. - - - 4/15 Chemotherapy 

and radiotherapy

T1N0 UO 60 1 1 n.i. 1 - Tumour-

negative

- -

T1N0 UI 60 1 1 1 n.i. Tumour-

negative

- - -

T2N0 UI 38 1 3 1 n.i. Tumour-

positive

- 0/17 Chemotherapy 

and radiotherapy

T1N0 UO 64 1 3 1 n.i. Tumour-

negative

- - -

SLN=sentinel lymph node; LS=lymphoscintigraphy; ALND=axillary lymph node dissection; UICC=International 

Union Against Cancer ; IMC=internal mammary chain; n=number; UO=upper outer; UI=upper inner; LO=lower 

outer; n.i.=not identifi ed; *number of tumour-positive lymph nodes out of the total number of axillary lymph nodes 

that where excised by ALND.

By contrast immediate dynamic lymphoscintigraphy is considered an essential feature 

as part of the sentinel lymph node biopsy procedure in melanoma. Dynamic imaging 

in melanoma allows for identifi cation of all draining lymph node basins at risk, sentinel 

lymph nodes in unexpected locations and to distinguish fi rst-echelon nodes from nodes 

with secondary drainage.10-12 However, in breast parenchyma lymph fl ow appears to 

be relatively slow, when compared to the rapid fl ow seen in (intra)dermal lympatics.13 

Consequently, lymphatic channels are rarely visualized in the breast and nodal uptake is 

usually not apparent before a period of two to three hours. Besides, lymphatic drainage 

from the breast parenchyma is less effi  cient than from the skin, resulting in a signifi cantly 

lower uptake in sentinel lymph nodes in patients with breast cancer. For these reasons 

some breast surgeons even do not use preoperative lymphoscintigraphy at all in breast 

cancer treatment. These surgeons identify the sentinel lymph nodes intraoperatively by 

the gamma probe and/or blue dye without using lymphoscintigraphy as ‘road map’.14-18

Goyal advocates preoperative lymphoscintigraphy just for surgeons in the learning 
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phase to decrease the learning curve and in patients who have an increased risk of 

intraoperative failure of sentinel lymph node localization (obese or old patients).19 

We are not in favor of these arguments. We still recommend routine use of 3 h post-

injection preoperative lymphoscintigraphy in all breast cancer patients to pursuit 

non-axillary sentinel lymph nodes because of the improved staging,20-22 the therapeutic 

implications and the minimal morbidity. Especially in patients with a small tumour who 

would not be advised to have adjuvant systemic treatment when the sentinel lymph 

node in the axilla was tumour-negative.23 Another argument in favor of preoperative 

lymphoscintigraphy is the chance that too many second-echelon nodes would be 

removed if lymphoscintigraphy is not performed. This would defeat the main purpose 

of the sentinel lymph node biopsy procedure, which is to be selective and to avoid 

unnecessary disturbance of non-sentinel lymph nodes and their aff erent and eff erent 

lymphatics. Besides that, the patient can be informed better preoperatively with respect 

to the localization of the sentinel lymph nodes. The lymphoscintigraphy images and 

skin markings are a road map in assisting the sentinel lymph node biopsy procedure 

and appear to yield more favorable morbidity outcomes for the patients compared to 

performing sentinel lymph node biopsy with only the probe or performing sentinel 

lymph node biopsy with dye alone.24-26 

Whether a 1-day protocol (i.e. lymphoscintigraphy and surgery on the same day) or 

a 2-day protocol is used is often a matter of logistic preference. A 2-day protocol has 

advantages both in scheduling multiple patients for lymphoscintigraphic imaging as 

well as in planning the operating room schedule, facilitating the planning of multiple 

sentinel lymph node procedures at the same day.27 Moreover, a 2-day protocol has 

radiation safety advantages, showing a signifi cantly decreased dosage of radioactivity 

in the resected specimen28 and a smaller absorbed radiation dose to the hands of the 

medical staff  due to radioactive decay.29 In patients undergoing the 2-day protocol, 

the visualization rate of sentinel lymph nodes on lymphoscintigraphy is higher due to 

the possibility of delayed images on the following day if the lymphoscintigraphy was 

negative.30

For visualization of non-axillary sentinel lymph nodes intraparenchymal tracer 

administration is essential, because intradermal or subdermal injections rarely 

visualize drainage to the internal mammary chain. A recent study of MD Anderson 

Cancer Center, in which lymphoscintigraphy images were obtained at 1 to 2 hours 

after peritumoural injection, showed internal mammary drainage in only 4%. Findings 

on lymphoscintigraphy did not enhance sentinel lymph node identifi cation or alter 

management in their series of 136 patients with early breast cancer.31 However, in our 

series sentinel lymph nodes were located outside the axilla in a substantial number 

(n=28) of patients with breast cancer (17%) and staging was improved in three patients 

(5%). 

The identifi cation rate of sentinel lymph nodes outside the axilla in our series was lower 
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than in the axilla. Preoperatively the location of non-axillary sentinel lymph nodes 

could often not be established with the gamma probe, because the injection site was 

often close to the sentinel lymph nodes. Intraoperative gamma probe detection was 

more diffi  cult than in the axilla; the gamma probe is relatively large and could not be 

manipulated freely between the ribs. The overview on the area where the small non-

axillary sentinel lymph node was expected was limited through the narrow intercostal 

space. Besides that, the blue lymphatic channel could often not be followed into the 

intercostal space from the site where it penetrated the major pectoral muscle.

In conclusion, immediate lymphoscintigraphy delivers no additional value to 

lymphoscintigraphy 3 h post-injection in sentinel lymph node biopsy in breast cancer 

patients and can therefore safely be abandoned in breast cancer management. 
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Introduction

Throughout the past century, there has been controversy about the role of elective 

lymph node dissection (ELND) of clinically negative lymph nodes in patients with 

cutaneous melanoma.1-3

Before the introduction of sentinel lymph node biopsy in 1992 by Morton et al.4 the 

‘watch-and-wait policy’ was generally applied to melanoma patients with clinically 

negative lymph nodes. Patients with clinically negative lymph nodes underwent wide 

excision only of the primary melanoma with a one or two centimeter margin according 

to the Breslow thickness.5-7 When lymph nodes became palpable during follow-up, 

therapeutic lymph node dissection was performed.

Sentinel lymph node biopsy is known to be a reliable method for assessing the status 

of regional lymph node basins.4,8-11 This technique is based on the hypothesis that 

lymphatic drainage from the primary tumour follows an orderly pattern through aff erent 

lymphatic vessels into sentinel lymph node(s) before fl owing into non-sentinel lymph 

node(s) in the regional lymphatic basin.4 The tumour status of the sentinel lymph node 

has been found to be the strongest prognostic factor for recurrence and survival in 

melanoma patients with clinically-negative lymph nodes.12 Sentinel lymph node biopsy 

can identify patients who may benefi t from complete lymph node dissection. Dissection 

of clinically undetectable regional lymph node metastases at an early stage may improve 

long-term survival.13 Besides a strong prognostic factor and a tool for selecting patients 

for therapeutic lymph node dissection, sentinel lymph node biopsy can also determine 

the tumour status of the regional lymph nodes, which is important for directing the use 

of adjuvant therapy.14,15

The aim of this study was to evaluate reliability and clinical impact of sentinel lymph 

node biopsy in patients with cutaneous melanoma of the head, neck, trunk or 

extremities.

Patients and methods

Patients

From May 1995 to January 2000, 200 patients with cutaneous melanoma ≥1.0 mm 

Breslow thickness were enrolled in a prospective study at the Division of Surgical 

Oncology of the UMCG. All primary melanomas were diagnosed by excisional biopsy. 

None of the patients had undergone excision of the primary tumour with margins 

of >1.5 cm or a prior procedure that could have disrupted lymphatic drainage to the 

regional nodal basin. Patients with palpable regional lymph nodes, clinical evidence of 

distant metastases and pregnant women, children and adolescents (<18 years) were 

excluded from this study. The sentinel lymph node biopsy protocol was approved by the 

Institutional Review Board (IRB). The third patient in this series was excluded afterwards, 

because the radioactive tracer was spilled due to a loose needle. The clinical and 

pathological characteristics of the 200 melanoma patients are summarized in Table 1.
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Table 1. 

Clinical and pathological characteristics (n=200)

Characteristic n %

Sex Male

Female

97

103

49

51

Age (years) Median 

Range 

57

21-86

Site of primary Head or neck

Trunk

Arm

Leg

22

67

29

82

11

34

14

41

Thickness (mm) 1.0-2.0

2.01-4.0

> 4.0

77

79

44

38

40

22

Clark level II

III

IV

V

Unclassifi ed

1

44

138

13

4

1

22

69

6

2

Ulceration 80 40

Histological subtype Superfi cial spreading

Nodular

Acrolentiginous

Lentigo maligna

Unclassifi ed

97

 89

3

3

8

48

44

2

2

4

Lymphoscintigraphy

The whole procedure was performed on an inpatient basis. Patients underwent 

lymphoscintigraphy on the day before surgery, to identify all basins at risk for disease 

and any possible interval sentinel lymph nodes. Interval nodes are defi ned as lymph 

nodes that lie along the course of a lymphatic collecting vessel between a primary 

melanoma site and a draining node fi eld (i.e. axillary, groin, cervical, epitrochlear, 

popliteal and occipital). A single dose of 40-60 MBq 99mTc nanocolloid (Nanocoll; 

Amersham Cygne, Eindhoven, the Netherlands) with a particle size of < 80 nm in 0.2 

ml of normal saline was injected intradermally around the biopsy site with a 27 Gauge 

needle at two to four points, depending on the size of the biopsy site. Dynamic imaging 

with a low energy high resolution collimator to visualize lymph fl ow was commenced 

immediately after tracer administration and continued for 20 minutes at a frame rate of 

30 sec/image. Subsequently, static scintigrams were acquired. A radioactive fl ood source 
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was used to outline the body contour. Another set of static images was taken two hours 

later. All possible lymph drainage regions were imaged. If two or more pathways drain 

a primary tumour site, there are generally two or more sentinel lymph nodes, because 

the fi rst node reached along the path of each individual channel is a sentinel lymph 

node. If there is an interval node on a lymphatic drainage pathway outside a recognized 

lymph node fi eld, it will be a sentinel lymph node if it receives drainage directly from the 

tumour site.16 The position of the sentinel lymph node(s) was marked on the skin with 

indelible ink. The images were discussed interdisciplinary between the nuclear physician 

and the surgical oncologist prior to the operation.

Surgery

The sentinel lymph nodes were excised within 30 hours after lymphoscintigraphy. 

Subsequent to the induction of anaesthesia, 15-20 minutes before surgery, an injection 

of 0.3-1.0 ml Patent Blue V (Bleu Patenté V; Laboratoire Guerbet, Aulnaysous-Bois, 

France) was administered intradermally with a 25 Gauge needle at the same sites as the 
99mTc-nanocolloid. All basins identifi ed by lymphoscintigraphy were explored surgically 

through limited incisions. The possible need for therapeutic lymph node dissection was 

kept in mind while making the incisions. Surgical dissection was guided by a hand-held 

gamma detection probe (Neoprobe®1000 and 1500, Johnson & Johnson Medical BV) and 

by looking for blue-stained aff erent lymphatic vessels that led to blue-stained sentinel 

lymph nodes. Once the sentinel lymph node had been identifi ed, excised and measured 

for radioactivity, the probe was used to search the resection bed to ensure that there 

were no residual areas of high radioactivity. If necessary, additional hot nodes were 

removed until the ratio of the hottest ex vivo sentinel lymph node to the residual basin 

was >10:1.17

After sentinel lymph node biopsy, wide local excision of the primary melanoma scar 

with 1 or 2 cm margin was performed according to the tumour thickness (Breslow) 

and invasion of the skin (Clark). If primary closure was not possible, the skin defect was 

closed with the use of a split-skin graft.

When we were unable to localize a sentinel lymph node transcutaneously prior to 

making an incision, we tried to visually identify the sentinel lymph node with the blue 

dye. If no blue-stained lymphatic vessels and/or sentinel lymph nodes could be found, 

we excised the primary injection site to remove the high background counts. In this way, 

radioactivity within the sentinel lymph node could be more easily detected with the 

probe.

Pathology

After marking the hottest part of the sentinel lymph node with a stitch, the harvested 

sentinel lymph nodes were sent for defi nitive pathological examination. Frozen 

section microscopy with HE was discontinued after the fi rst 58 patients because of low 
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sensitivity (38%).18 The sentinel lymph nodes were fi xed in 10% neutral buff ered formalin 

and blocked in paraffi  n. All paraffi  n-embedded material was evaluated with serial 4 μm 

thick sections for routine HE and immunohistochemical (IHC) staining for S100 protein 

and melanoma-associated antigen HMB45. This procedure was repeated at levels of 500 

μm until all the tissue was sectioned (average: 9 levels).

Two paraffi  n-embedded cross-sections of each lymph node of the therapeutic lymph 

node dissection were stained with HE without additional IHC.

Follow-up

Patients were seen for physical examination every 3, 4 and 6 months in the 1st, 2nd and 

3rd-10th year respectively. A chest x-ray was taken once a year. In patients who developed 

a recurrence in the same basin, recurrence patterns were analysed and all previously 

identifi ed tumour-negative sentinel lymph nodes were re-evaluated histologically.

Statistical analysis

Recurrence-free and overall survival curves were constructed using the Kaplan-Meier 

method and analyzed using the log-rank procedure. Signifi cance was defi ned as P<0.05.

Results

The sentinel lymph node(s) could be identifi ed during surgery in 197 out of the 200 

patients (identifi cation rate 99%). A total of 393 sentinel lymph nodes (mean: 2.0 per 

patient, range 1-7) were removed from 241 basins. Sentinel lymph nodes were removed 

from one basin in 155 patients (78%) and from two basins in 43 patients (22%). In 168 

patients, the sentinel lymph nodes were both stained blue and radioactive (85%). In 

26 patients the sentinel lymph nodes were only radioactive (13%) and in 4 patients 

the sentinel lymph nodes were only stained blue (2%). Postoperative complications 

occurred in 5% of the patients and were minor and transient, including wound infection, 

haematoma, seroma and neurapraxia. There were no anaphylactic reactions to the blue 

dye.

In three out of the 22 head and neck region patients, no sentinel lymph node(s) could 

be identifi ed with lymphoscintigraphy or blue dye (identifi cation-rate head and neck 

region: 86%). 

Lymphoscintigraphy identifi ed sentinel lymph nodes outside the standard node fi elds 

(i.e. outside the axillary, inguinal, parotid and cervical regions) in 17 patients (9%) 

(Table 2) of which interval nodes in four patients (2%).

Ten patients had a sentinel lymph node in the parotid gland and all were explored. In 

three patients the sentinel lymph node in the parotid gland was tumour-positive, in six 

patients tumour-negative and in one out of the 10 patients (10%) the melanoma was 

located on the ear lobe and showed drainage to the parotid and subdigastric regions. 

The subdigastric sentinel lymph node was successfully identifi ed and tumour-negative
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Table 2. 

Sentinel lymph nodes found outside the standard node fi elds

Sentinel lymph node location n       Identifi ed (n) Tumour status

Retroauricular 4 4 4-

Occipital 1 1 1-

Right costal margin 2 1 1-

Tri-angular intermuscular space 1 1 1+

Supraclavicular 3 2 1- / 1+

Epitrochlear 2 2 2-

Popliteal 3 1 1-

Upper arm 1 1 1-

Tumour status 4-=4 sentinel lymph nodes tumour-negative; 1+=1 sentinel lymph node tumour-positive.

on pathological examination. The parotid node could not be identifi ed. This patient is 

still recurrence-free. 

There were no temporary or permanent injuries to the facial nerve due to exploration of 

the parotid gland.

Sentinel lymph nodes were pathologically tumour-positive in 48 out of the 198 patients 

(24%). HE stained slides (slides 1,3,5 and/or 9) provided the diagnosis in 43 out of the 48 

patients (90%), whereas IHC examination provided the diagnosis in the remaining fi ve 

patients (10%). Frozen section microscopy of the sentinel lymph node(s) was performed 

in the fi rst 58 patients, but was discontinued after its sensitivity appeared to be only 38% 

in this series.18 Therapeutic lymph node dissection was performed in all (n=48) of the 

patients with tumour-positive sentinel lymph nodes. In 12 out of these 48 patients (25%) 

at least one additional tumour-positive non-sentinel lymph node was identifi ed with HE 

staining (Table 3).

During follow-up, six patients developed ‘recurrence’ in a previously-mapped negative 

node basin after 13, 18, 20, 23, 30 and 32 months. No tumourcells have been found in 

a re-analysis of the sentinel lymph node in retrospect in all six patients. In two of these 

patients, there was no evidence of concomitant locoregional recurrence. 

In four patients, nodal recurrence may have resulted from spread from local, in-transit 

and/or distant metastases. When those patients are not considered as false-negatives, 

the false-negative rate is 2/50 (4%). When all six patients are considered as false-

negative procedures, the false-negative rate is 6/54 (11%).  Recurrence-free and overall 

survival were signifi cantly associated with the results of the sentinel lymph node biopsy. 

Three-year recurrence-free survival in patients with tumour-negative and tumour-

positive sentinel lymph nodes was 83% and 66% respectively (P<0.05) (Figure 1). The 

corresponding overall survival rates were 92% and 73% respectively (P<0.05) (Figure 2).
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Table 3. 

Therapeutic lymph node dissection results after tumour-positive sentinel lymph node biopsy

Breslow thickness

(mm)

n patients

(%)

tumour-positive SLN 

(%)

additional tumour-

positive nodes after TLND 

(%)

1.0-2.0 77 (38) 13 (17) 3 (23)

2.01-4.0 79 (40) 26 (33) 6 (23)

> 4.0 44 (22) 9 (21) 3 (33)

Total 200 (100) 48 (24) 12 (25)

SLN=sentinel lymph node; TLND=therapeutic lymph node dissection.
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Figure 1. 

Recurrence-free survival plot according to Kaplan-Meier
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Figure 2. 

Overall survival plot according to Kaplan-Meier

Discussion

The sentinel lymph node(s) could be identifi ed by the combined detection technique 

in 197 patients (99%). In only three patients the technique failed. The three failures 

were all located in the head and neck region (i.c. angulus mandibulae, ear lobe and 

parietofrontal). Thus the procedural identifi cation rate in the head and neck region was 

86% (19 out of the 22) versus 100% in extremity and truncal primaries. Explanations 

for the failed identifi cation include non-optimal resolution of the gamma camera; 

obscuration by scattered radiation at the primary injection site, because the injection 

site and draining basin in the head and neck region are in close proximity. 

Prospective clinical trials have suggested that occult melanoma nodal metastases are 

clinically important and that early therapeutic lymph node dissection may improve 

survival. Therefore, therapeutic lymph node dissection was considered to be the most 

appropriate therapy after a tumour-positive sentinel lymph node biopsy result.13,19 All 

the patients with tumour-positive sentinel lymph node biopsy results were advised to 

undergo therapeutic lymph node dissection (e.g. axillary, inguinal or popliteal lymph 

node dissection). In the head and neck region, modifi ed cervical lymph node dissection 

was performed, including subtotal parotidectomy or posterolateral neck dissection.

The sentinel lymph nodes were blue but not radioactive in 4% of the patients in our 

series. In only one patient the blue, non-radioactive sentinel lymph node was tumour-

positive (1/48=2%). The use of blue dye is questionable, because of this low yield, but 

also for the risk of tattooing the skin and anaphylactic reactions.20 The risk of leaving a 

tattoo in the head and neck region is higher, due to the smaller excision margins 
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(1 cm instead of 2 cm). Therefore in the head and neck region, sometimes only colloid 

injections are used.21

The false-negative rate of 6/54 (11%) is in comparison with the results of others.22-24

According to Ross there might be three potential reasons for false-negative sentinel 

lymph node biopsy results: (1) biological failure - recurrence as a result of residual mi-

croscopic satellites or in-transit metastases left behind after wide excision of the primary 

lesion; (2) technical failure - the true sentinel lymph node was not found; (3) pathological 

failure - the sentinel lymph node was excised, but histological evaluation failed.21 The 

histopathologic false-negative rate may decrease when carbon particles are used as an 

aid to direct the pathologist to the sentinel lymph nodes most likely to contain tumour.25 

It must be emphasized that the false-negative rate of 11% was based on a median 

follow-up period of 47 months (range, 24-79 months) and may increase with a longer 

period of observation.

Lymphoscintigraphy showed four interval nodes in four patients (2%), which could be 

intraoperatively identifi ed. Interval nodes are encountered in around 7% of melanoma 

patients.26 It is interesting to speculate how often in-transit metastases might actually 

have been metastases in previously undetected or unrecognised interval nodes. It may 

well be that many so-called in-transit metastases found before lymphoscintigraphy was 

routinely used, were in fact metastases in interval nodes, which were actually sentinel 

lymph nodes in those patients. 

In an editorial Thomas raised the concern of potential entrapment of melanoma cells, 

causing higher incidence of in-transit metastases.27 The surgical treatment of these 

in-transit metastases might be extremely diffi  cult and even impossible.28 By increasing 

the time between the primary excision and sentinel lymph node biopsy, the theoretical 

risk of entrapment might be reduced. In this series isolated in-transit metastases after 

tumour-positive sentinel lymph node biopsy and tumour-negative sentinel lymph node 

biopsy were found in 4 patients (8%) and 6 patients (4%) respectively, which was not 

signifi cantly diff erent. Our tumour-negative in-transit rate of 4% is comparable with 

that reported by Essner, who did not fi nd any signifi cant diff erence in the incidence of 

in-transit metastases after tumour-negative dissections between the sentinel lymph 

node biopsy group and the elective lymph node dissection group (2.6% versus 3.8%, 

P= 0.48).29 The true incidence of in-transit metastases after sentinel lymph node biopsy 

should be compared to the true incidence of in-transit metastases during watch-and-

wait policy and after elective lymph node dissection.30-33 

Advantage of lymphatic mapping is that drainage to sentinel lymph nodes in unusual 

locations is identifi ed, leading to more accurate staging than could be achieved with 

routine dissection of the closest lymph node fi eld.34 In our study 8% of the sentinel 

lymph nodes were identifi ed outside the standard node fi elds, which is comparable with 

the results of others.35-37 Sentinel lymph node biopsy is of established diagnostic and 

prognostic value. Beyond improving the selection of patients for adjuvant therapy it will 
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not have direct therapeutic relevance unless early excision of lymph node metastases 

leads to survival benefi t. Demonstration of the therapeutic value of this procedure 

awaits the analysis of survival data from the multicenter randomized trials: wide excision 

alone versus wide excision plus sentinel lymph node biopsy, the so-called MSLT-study 

and the Sunbelt Melanoma Trial.38,39 Sentinel lymph lymph node biopsy in the treatment 

of melanoma is of unproven benefi t and should be performed only in surgical trials.
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Introduction

The incidence of cutaneous melanoma in the head and neck region has increased in 

recent years, along with an overall increase in the incidence of cutaneous melanoma 

world-wide. The key to survival is early detection of this malignancy and indeed melano-

ma is currently diagnosed in an earlier stage with thinner melanoma.1 Early detection 

and treatment of micrometastatic disease might further improve recurrence-free and 

overall survival. Primary cutaneous melanomas in the head and neck region are consid-

ered to be more aggressive than melanomas on the arms and legs.2 Therefore, debate 

continues about the best management for clinically negative cervical lymph nodes. Pro-

spective studies, performed in the past did not proof any benefi t of elective lymphatic 

dissection for these patients.3-5 A combination of high relapse rates and the persisting 

lack of eff ective treatment for recurrent disease has focused attention on optimizing 

initial management as a means of improving the overall outcome. The value and reli-

ability of sentinel lymph node biopsy as a staging procedure in melanoma have been 

well-described in the literature since it was fi rst reported in 1990, but fi nal results of the 

Multicenter Selective Lymphadenectomy Trial (MSLT-I) are still pending.6,7 Sentinel lymph 

node biopsy can identify indeed patients who may theoretically benefi t from complete 

lymph node dissection. Melanomas located on the head and neck have an extremely 

unpredictable drainage pattern.8,9 Sentinel lymph node biopsy in the head and neck re-

gion presents unique challenges in terms of anatomy and surgical technique. The value, 

safety, reliability, recurrence-free and overall survival rates of sentinel lymph node biopsy 

in patients with cutaneous melanoma in the head and neck region were evaluated and 

discussed with respect to the current literature.

 

Materials and methods

Patients

From May 1995 to 2005, 36 patients (15 females (42%) and 21 males (58%)), median 

age 58 years (range, 25-79 years) with a cutaneous melanoma ≥1.0 mm Breslow thick-

ness in the head and neck region were enrolled in a prospective registration study at 

the Division of Surgical Oncology of the UMCG. Informed consent was obtained from 

all patients. The primary melanomas were diagnosed by excisional biopsy. None of 

these patients had undergone excision of the primary tumour with margins of >1.5 cm. 

Patients with palpable regional lymph nodes and/or clinical evidence of distant metas-

tases, pregnant women and children and adolescents (<18 years) were excluded from 

this study. 

Lymphoscintigraphy

A 2-day protocol on an inpatient basis was used. Lymphoscintigraphy was performed on 

the day preceding the operation. A single dose of unfi ltered 40-60 MBq 99mTc-nanocolloid 

(Nanocoll®; Amersham Cygne, Eindhoven, the Netherlands) with a particle size of <80 nm 

in 0.2 ml of saline was injected intradermally around the primary tumour site at two to 
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four locations. Injection sites were covered with lead shielding. Dynamic imaging in the 

supine position with a low energy high resolution collimator to visualize lymph fl ow was 

commenced immediately after tracer administration and continued for 20 minutes at a 

frame rate of 30 sec/image. Subsequently, static supine and lateral views were obtained. 

A radioactive fl ood source was used to outline the body contour. Another set of static 

images was taken two hours later. All possible lymph drainage regions were imaged. The 

position of the sentinel lymph node(s) was marked on the skin with indelible ink. The 

images were discussed by an interdisciplinary team comprising the nuclear medicine 

physician and the surgical oncologist prior to the operation.

Surgery

After the induction of general anesthesia, but 15-20 minutes before surgery, an injection 

of 0.3-1.0 ml Patent Blue V (Bleu Patenté V, Laboratoire Guerbet, Aulnaysous-Bois, France) 

was administered intradermally around the melanoma scar. All nodal basins identifi ed 

by lymphoscintigraphy were explored surgically through limited incisions. Surgical 

dissection was guided by a hand-held gamma detection probe (Neoprobe®1000 and 

1500, Johnson & Johnson Medical BV) and by looking for blue-stained aff erent lymphatic 

vessels that led to blue-stained sentinel lymph nodes. Once the sentinel lymph nodes 

had been excised the probe was used to search the resection bed to ensure that there 

were no residual areas of high radioactivity. If necessary, additional hot nodes were 

removed until the ratio of the hottest ex vivo sentinel lymph node to the residual basin 

was >10:1.10

After sentinel lymph node biopsy, wide local excision of the primary melanoma scar was 

performed with 1 or 2 cm margin depending on the tumour thickness (Breslow) and 

the anatomical location of the melanoma. If pathological examination was positive for 

tumour cells on HE or immunohistochemical (IHC) staining, cervical or posterior lymph 

node dissection was performed with the standard surgical procedure. If sentinel lymph 

nodes were negative for tumour cells on pathological examination, the lymph node 

basins were monitored clinically during follow-up.

Pathology 

After marking the hottest part of the sentinel lymph node with a stitch, each harvested 

sentinel lymph node was sent for pathological examination. Owing to low sensitivity 

(38%) of frozen section analysis with HE in the fi rst 11 patients, we subsequently delayed 

sentinel lymph node evaluation in order to perform permanent sectioning.  

The sentinel lymph nodes were fi xed in 10% neutral buff ered formalin and blocked in 

paraffi  n. Serial 4 μm thick sections of all paraffi  n-embedded material were evaluated 

with routine HE and IHC staining for S100 protein and melanoma-associated antigen 

HMB45. This procedure was repeated at levels of 500 μm until all the tissue was sec-

tioned (average: 9 levels). Two paraffi  n-embedded cross-sections of each lymph node 

were stained with HE without any additional IHC.
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Follow-up

Patients were seen for physical examination every 3, 4, 6 and 12 months in the 1st, 2nd, 

3rd-5th and 5th-10th years, respectively. A chest X-ray was taken once a year. In patients 

who developed tumour recurrence in the same nodal basin, recurrence patterns were 

analyzed. All previously identifi ed tumour-negative sentinel lymph nodes were re-evalu-

ated on original slides and IHC-stained additional deeper sections of the sentinel lymph 

nodes. Duration of follow-up was calculated in months from the date of sentinel lymph 

node biopsy to the date of last follow-up or death. None of the patients were lost to fol-

low-up. Median follow-up was 54 (range, 10-114) months. 

Statistical analysis

Recurrence-free and overall survival curves were constructed for sentinel lymph node-

positive and sentinel lymph node-negative patients using the Kaplan-Meier method and 

compared using the log-rank procedure. Signifi cance was defi ned as P<0.05. Results are 

presented as median (range) and as percentages when appropriate.

Results

Fifteen females (42%) and 21 males (58%) with a median age of 58 (range, 25-79) years 

with a cutaneous melanoma ≥1.0 mm Breslow thickness (median 2.5 mm; range, 1.0-8.1) 

were included (Table 1). 

At least one sentinel lymph node was identifi ed in 33 (92%) out of the 36 patients. Wide 

local resection with 1-2 cm margin had to be performed before sentinel lymph node 

biopsy in 10 patients (28%), to reduce the high background counts that interfered with 

sentinel lymph node localization by the gamma detection probe.

A total of 97 sentinel lymph nodes were excised (median 2.9 nodes per patient; range, 1-

7). These 97 sentinel lymph nodes were removed from a total of 48 nodal basins (median 

1.5 basin per patient; range, 1-3). In 23 patients (70%) the blue tracer was seen together 

with the radioactive tracer intraoperatively. In 10 patients (30%) the sentinel lymph 

nodes were identifi ed by the radioactive tracer alone. 

In two patients, sentinel lymph nodes were identifi ed in an unexpected node fi eld, 

that is, the supraclavicular basin. In one of them with a primary lesion on the earlobe, 

dynamic lymphoscintigraphy showed direct drainage to both the parotid region and the 

supraclavicular region. In the other patient, direct drainage was seen from the preauricu-

lar melanoma scar site to the subdigastric and supraclavicular regions. In both patients, 

histopathology of the sentinel lymph nodes in the unexpected and expected basins was 

tumour-negative.

In 17 patients (47%), lymphoscintigraphy showed a sentinel lymph node in the parotid 

region. All sentinel lymph nodes could be identifi ed in this region (success rate 100%). 

In 12 patients (71%), the parotid sentinel lymph nodes were tumour-free. In fi ve patients 

(29%) the parotid sentinel lymph nodes were tumour-positive. These patients underwent 

subtotal parotidectomy with modifi ed neck dissection.
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Table 1.

Clinical and pathological characteristics of 36 patients with a cutaneous melanoma in the 

head and neck region

Number of patients %

Sex

 Male

 Female

Age (years)

 Median (range)

Lesion location

 Face

 Neck

 Ear

 Scalp

Lesion depth (mm)

  ≤1.0

 1.01-2.0

 2.01-4.0

 >4.0

Ulceration

Histological subtype

 Superfi cial spreading 

 Nodular

 Lentigo maligna 

 Unclassifi ed

  Other

21

15

58

 14

 5

 4

 13

1

12

16

7

8

11

17

2

1

5

58

42

39

14

11

36

3

33

44

20

22

30

47

6

3

14

No additional tumour-positive lymph nodes were found on histopathological examina-

tion. After exploration of the parotid gland or after re-operation that comprised subtotal 

parotidectomy no complications occurred.

In total, a tumour-positive sentinel lymph node was diagnosed in seven patients 

(tumour-positive sentinel lymph node-rate 21%). 

So far, 12 patients (33%) have developed recurrence of the disease. The distribution of 

the fi rst site of the metastases was as follows: 4 (11%) with in-transit recurrence; 2 (6%) 

with recurrence in the regional lymph node basin and 6 (17%) with a distant recurrence. 

The distribution of the fi rst site of the metastases according to tumour status of the sen-

tinel lymph node is shown in Table 2. The sentinel lymph node biopsy result was false-

negative in one of seven positive sentinel lymph node biopsy results (false-negative rate 

13%).
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Table 2.

Recurrence characteristics according to sentinel lymph node status 

Characteristic All patients

(n=36)

SLN-

(n=26)

SLN+

(n=7)

Median follow-up, 

months 54 (range, 10-114) 49 (range, 10-99) 54 (range, 13-88)

Recurrence, number (%) 12 (33)  8 (31)  3 (43)

Median time to 

recurrence, months 43 (range, 3-110) 40 (range, 3-87) 38 (range, 6-85)

Site of fi rst recurrence, 

number (%):

 In-transit  4 (11)  2 (8)  2 (29)

 Nodal  2 (6)  1 (4)  0 (0)

           Systemic  6 (17)  5 (19)  1 (14)

SLN-=sentinel lymph node tumour-negative, SLN+=sentinel lymph node tumour-positive. 

Recurrence-free and overall survival rates were not signifi cantly associated with the 

results of the sentinel lymph node biopsy. The fi ve-year recurrence-free survival in sen-

tinel lymph node-tumour-negative patients and sentinel lymph node-tumour-positive 

patients was 65% and 50% respectively (P<0.6133). The overall survival at 5 years was 

55% and 66% respectively (P<0.5951) (Figures 1 and 2).  

The overall morbidity related to this procedure was minimal. No anaphylactic reactions 

occurred following the injection of radioactive tracer or Patent Blue V. All the patients 

had normal postoperative cranial nerve function, including the facial nerve.

 SLN-=sentinel lymph node tumour-negative, 

SLN+=sentinel lymph node tumour-positive.
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Figure 1. 

Recurrence-free survival plot according to Kaplan-Meier
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 SLN-=sentinel lymph node tumour-negative, 

SLN+=sentinel lymph node tumour-positive.
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Figure 2. 

Overall survival plot according to Kaplan-Meier

Discussion

Sentinel lymph node biopsy in head and neck melanoma is a challenge for the surgeon. 

In this series sentinel lymph node biopsy succeeded in 33 out of the 36 patients (success 

rate 92%). This is in contrast to our series of 266 non-head and neck melanoma patients 

in which we could identify all sentinel lymph nodes (success rate 100%).11

Various features may have contributed to the failures: (1) primary tumour site overlying 

the draining basin(s), (2) learning curve of the surgeon, (3) high radioactivity level (40-60 

MBq), (4) lymphoscintigraphy collimator problems, artefacts, (5) volume of tracer too 

large, (6) spillover into second echelon nodes and (7) incorrect injection technique, that 

is, if injection is not intradermal, the lymphatic drainage may not be adequately demon-

strated. 

The success rate of sentinel lymph node biopsy in the parotid region was 100%. After 

sentinel lymph node biopsy in the parotid region, no complications were observed. Our 

experience supports the fi ndings of others that sentinel lymph node biopsy of intrapa-

rotid nodes can be performed safely by experienced surgical oncologists specialized 

in surgical oncology procedures in the head and neck area without formal parotidec-

tomy.12,13 The procedure was performed with equivalent safety in the neck and parotid 

nodal basins. In our opinion, when it has been decided to do a sentinel lymph node 

biopsy, surgical oncologists should not be reluctant to perform subtotal parotidectomy 

and/or posterolateral neck dissection if the sentinel lymph node biopsy result is tumour-

positive.  

Is our false-negative rate of 13% high? Table 3 illustrates the great variation in the false-

negative rates for sentinel lymph node biopsy procedures in head and neck melanoma 

as published in the literature.14-31 

Does sentinel lymph node biopsy in cutaneous head and neck melanoma alter disease outcome?
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Table 3. 

Results of sentinel lymph node biopsy in head and neck melanomas obtained by various 

investigators

Author Year 

of publication

Number of 

patients

SLN 

identifi ed (%)

False-

negative (%)b

Morton16 1993 72 a 90 0

O’Brien15 1995 20 75 50

Wells16 1997 58 95 0

Bostick17 1997 117 a 93 0

Alex18 1998 23 96 0

Wagner19 2000 70 a 99 12

Jansen20 2000 30 90 20

Carlson21 2000 57 96 0

Medina-Franco22 2001 38 92 20

Eicher23 2002 43 98 0

Patel24 2002 56 96 20

Schmalbach25 2003 80 96 18

Chao26 2003 321 97 12

De Wilt27 2004 362 99 44

Fincher28 2004 51 100 0

Shpitzer29 2004 30 93 20

Lin30 2005 80 99 24

Carlson31 2005 132 95 29

Current study 2005 36 92 13

SLN=sentinel lymph node; aincluding trunk; bthe percentage of false-negative procedures is calculated over the 

patients with tumour-positive sentinel lymph nodes.

In determining the rate of false-negative results, a mistake that is sometimes made is to 

calculate the rate over the entire group of patients, both those who are tumour-positive 

and those who are tumour-negative. The outcome is too fl attering with this approach. It 

is not possible to miss metastasis in a patient who has no metastasis. The false-negative 

rate should be calculated over the entire group of tumour-positive patients, as follows:  

 number of false-negative procedures

False-negative rate = ___________________________________________ x 100% 

 number of false-negative + true-positive procedures 

The false-negative rates in Table 3 are adjusted accordingly.32 

The number of patients with a positive sentinel lymph node in our study was small, 

which might have led to a high false-negative rate on the basis of one false-negative 
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Table 4. 

In-transit as fi rst site of recurrence according to sentinel lymph node status (update of the 

European Journal of Surgical Oncology 200433)

In-transit recurrence

Author Year of 

publication

Primary

site

Breslow

(mm)

Number of 

patients n % n %

FU 

(months)

Gershenwald35 1998 trunk and 

extremities

 1.60 243 b 12a 5 - - 35

Gadd36   1999 extremities 

and axial

 1.8 89 b 2 a          2.2  - - 23

Essner37   1999 all  1.9 267 6 a  2.7 4 a 9.5 45

Clary38   2001 all 2.1 303 14 a  5.6 9  a 16.1 23

Statius Muller39   2002 all 1.4 248 10 a 5 13 a 27 38

Estourgie40   2003 all 2.7 250 24 a  12.6 17 a 28.3 72

Vuylsteke41   2003 all 1.41 209 11  6.5 13 32.5 23

Wagner42   2003 all 2.27 408 13 a  4.0 5 a 5.9 31.4

Tiff et43   2004 all 3 132 3  2.7 2 9 27.1

Ariyan44   2004 all 1.7 263 2 1 3 11 32

Macripo45   2004 all 1.5

 2.6 c

274 8  3.5 2 4.3 34.8

Borgognoni46   2004 all ? 385 6  2.0 1 1.3 35

Gipponi47   2004 all ? 180 1 1.1 2 5.5 16.5

Yee48   2005 all 1.7 836 b 10 1.2 - - 42.1

Van Poll49   2005 all 1.85 754 11 1.7 7 6.9 42

Pawlik50   2005 all 1.5 1395 40 3.5 28 12.0 46.8

De Vries11   2005 all 2.5 300 8 4 17 20 20

Current study this study head and neck 2.5 36 2 8 2 29 54

SLN=sentinel lymph node;’-’=not mentioned; alocal and in-transit recurrence; bSLN-negative patients only; 

FU=follow-up; cBreslow thickness in SLN- en SLN+ patients, respectively. 

result. Reporting the false-negative rate for this procedure is problematic, because it is 

diffi  cult to make a reliable assessment of the status of the remainder of the nodal basin 

by using non-surgical means. The most accurate approach would be to perform lymph 

node dissection immediately after sentinel lymph node biopsy, so that the status of the 

entire ‘at risk’ nodal basin can be compared to that of the sentinel lymph node(s). An 

ideal solution would be to examine sentinel lymph nodes and non-sentinel lymph nodes 

using immunohistochemical methods and serial sectioning in equal detail to enable a 

truly valid evaluation of the technique, but this is obviously impractical. We used the cur-

rent, generally more acceptable method to determine false-negative rates: documenta-

tion of the rate of nodal failure over time within sentinel lymph node-negative basins. 

The performance of sentinel lymph node biopsy may in itself alter the pattern of subse-

Does sentinel lymph node biopsy in cutaneous head and neck melanoma alter disease outcome?

SLN- SLN+



106

quent recurrence of melanoma, thus increasing the incidence of in-transit recurrence.33,34 

In-transit recurrence is defi ned as that occurring between the primary excision site and 

the regional node basin, but excluding local recurrences within 3 cm of the primary 

tumour site. In this small series we found two cases in sentinel lymph node-positive 

(2/7=29%) and two cases in sentinel lymph node-negative (2/26=8%) patients. Also 

other series are now publishing high incidence rates in sentinel lymph node-positive 

patients (Table 4). However, our concern is not shared by others like Coit51, who stated 

that the overall incidence of in-transit recurrence after sentinel lymph node biopsy is low 

and is most likely infl uenced much more by patient, tumour, and lymph node variables 

than by any treatment variable. 

Conclusions

In the head and neck region, the multiplicity of lymph nodes, their widespread distribu-

tion, small size and their proximity to vulnerable structures make the sentinel lymph 

node biopsy procedure technically challenging. This study addressed the value, safety 

and reliability of sentinel lymph node biopsy to accurately detect occult regional me-

tastases in patients with cutaneous melanoma in the head and neck region. During a 

median follow-up of 4½ years, one patient developed an isolated regional recurrence 

following a tumour-negative sentinel lymph node biopsy. A sensitivity rate of 87% with 

minimal morbidity indicates that sentinel lymph node biopsy is a reliable procedure for 

regional staging of patients with cutaneous melanoma in the head and neck region.

Recurrence-free and overall survival were not signifi cantly associated with the results of 

sentinel lymph node biopsy, but the number of patients in this study was too small to 

draw any defi nitive conclusions. The main question which is still unanswered is whether 

sentinel lymph node biopsy will improve recurrence-free and overall survival. Results 

of MSLT-I are pending.7 Although no consensus has been reached among investigators 

as to whether sentinel lymph node biopsy followed by early regional node dissection 

improves regional tumour control (and patient survival), lymphatic mapping defi nitely 

provides prognostic information.52 If this is also true for head and neck melanoma is 

questionable and is not supported by this small study.
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General discussion



Breast cancer

Sentinel lymph node biopsy in women with breast cancer accurately assesses the 

progress of the disease. The procedure is associated with a lower morbidity rate than 

axillary lymph node dissection, and it has become accepted as the standard practice 

for the management of patients with breast cancer. Through refi nements of the 

pathological examination, the detection of (micro) metastases in the sentinel lymph 

node has been improved, resulting in a better assessment of the disease status. The 

pathologist has fewer nodes to process (usually one to three lymph nodes) and can 

therefore invest more resources and time in thorough analysis. The identifi cation of 

extra-axillary sentinel lymph nodes further improves disease evaluation.

Despite its widespread application, a consensus has not yet been reached on the way 

sentinel lymph node detection and biopsy should be carried out in breast cancer 

patients. Several areas remain controversial. These include both technical issues, such as:

• the best tracer, 

• the preferred location of injection (intratumoural, peritumoural, intradermal, 

subdermal, subareolar), and

• the value of lymphoscintigraphy 

as well as pure medical uncertainties including:

• the need to resect extra-axillary sentinel lymph nodes,

• the clinical relevance of sentinel lymph node positivity based on 

immunohistochemical staining with cytokeratin, 

• the value of sentinel lymph node biopsy in ductal carcinoma in situ, 

• sentinel lymph node biopsy following neoadjuvant chemotherapy, and

• the value of completion axillary lymph node dissection. 

This last question is addressed by the American College of Surgeons Oncology Group 

(ACOSOG) Z0011 trial,1,2 the National Surgical Adjuvant Bowel and Breast Project 

(NSABP) B-322 and the European Organization for Research and Treatment of Cancer 

(EORTC 10981-22023) AMAROSa trial3. The ACOSOG Z0011 trial randomly selects 

women undergoing breast-conserving therapy with low-volume axillary disease in the 

sentinel lymph node for treatment with completion axillary lymph node dissection or 

else observation. NSABP B-32 randomly selects women for treatment with a sentinel 

lymph node biopsy followed by a standard level I and II axillary dissection or with a 

sentinel lymph node biopsy without dissection unless metastatic disease is noted by HE 

examination. 

The main objective of the AMAROS trial is to prove equivalent local/regional control for 

patients with proven axillary lymph node metastasis by sentinel lymph node biopsy 

if treated with axillary radiotherapy instead of axillary lymph node dissection, with 

reduced morbidity. A second objective is to investigate whether adequate axillary 
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control can be obtained by not subjecting patients with a negative sentinel lymph node 

to axillary lymph node dissection.

It remains unclear whether isolated tumour cells or micrometastases (lymph 

node metastases larger than 0.2 mm, but not larger than 2 mm) detected with HE 

staining or special stains represent an adverse prognostic indicator and whether 

axillary lymph node dissection should be carried out in all such cases. Therefore the 

prognostic signifi cance of micrometastases in the sentinel lymph node identifi ed by 

immunohistochemistry is being evaluated prospectively in the NSABP B-32 trial.2 

The European ALMANACb trial randomly selects breast cancer patients for either 

conventional treatment of the axilla and or for sentinel lymph node biopsy. This trial 

seeks to determine the impact of sentinel lymph node biopsy on morbidity and quality 

of life.4 Similar trials are in progress in Germany, Italy and France.5 

a  After Mapping of the Axilla: Radiotherapy or Surgery

b  Axillary Lymphatic Mapping Against Nodal Axillary Clearance

Melanoma

The accuracy of the sentinel lymph node biopsy method for assessing and determining a 

prognosis for melanoma patients has been validated in multicenter trials and by multiple 

research groups in the USA, Europe and Australia.6 In a recent update, within a group of 

300 patients treated at the UMCG the fi ve-year recurrence-free survival in sentinel lymph 

node-negative and -positive patients was 79 and 57% respectively (P<0.05). The disease-

specifi c survival at fi ve years was 86 and 71% respectively (P<0.05).7

Although this procedure has become increasingly popular, its therapeutic value is not 

yet proven. Two major studies are underway examining the therapeutic effi  cacy of early 

regional lymph node dissection in patients with metastatic disease in a sentinel lymph 

node. The Multicenter Selective Lymphadenectomy Trial-I (MSLT-I) is a randomized 

prospective study, which aims to determine the therapeutic benefi t of sentinel lymph 

node biopsy and the true accuracy of the technique on a large scale. This trial, in which 

the UMCG participates, was initiated by Morton. MSLT-I was designed to compare two 

treatments: wide excision of the primary melanoma site plus sentinel lymph node biopsy 

and wide excision plus postoperative nodal observation. The accrual of patients to 

MSLT-I was completed in March 2002 with a total of 2001 patients taking part. Interim 

analysis has demonstrated that sentinel lymph node biopsy accurately evaluates the 

regional nodal basin.8-10 Interim evidence suggests that in a subset of patients (with 

melanoma 1.2 to 3.5 mm Breslow thickness) with occult sentinel lymph node metastasis, 

early regional lymph node dissection prolongs survival compared with delayed regional 

lymph node dissection when metastasis become clinically evident.9 The fi nal results on 

the overall therapeutic use of sentinel lymph node biopsy will not be available until the 

fi nal analysis is completed. This is dependent on longer follow-up, allowing for more 
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events to occur, to determine melanoma-specifi c survival in the two treatment arms.

In a second trial, MSLT-II, the benefi ts of regional lymph node dissection when the 

sentinel lymph node contains tumour, are investigated. This trial will determine whether 

early regional lymph node dissection based on sentinel lymph node status provides a 

therapeutic advantage over care based on postoperative ultrasonographic monitoring 

of the nodal basin. The trial also investigates the clinical signifi cance of reverse 

transcriptase-polymerase chain reaction positivity in paraffi  n-embedded sections of 

microscopically tumour-negative sentinel lymph nodes. UMCG’s Division of Surgical 

Oncology is one of the MSLT-II centers. 

The Sunbelt Melanoma Trial is a multicenter, randomized prospective study that is 

analyzing the role of adjuvant interferon-α2b for patients with minimal nodal metastasis 

in the sentinel lymph node. Another area of research in this trial is focused on the 

validity of molecular staging. Interim analysis has established a low rate of postoperative 

complications associated with sentinel lymph node biopsy as compared to complete 

regional lymph node dissection.11 

Although evidence of therapeutic eff ectiveness cannot be confi rmed until the outcome 

of these ongoing trials is known, sentinel lymph node biopsy clearly improves the 

evaluation of regional lymph nodes for prognosis purposes and may enhance the 

selection of patients for adjuvant therapy. However, given our current limitations in 

adjuvant therapy, it is unclear whether knowing the tumour status of the regional lymph 

nodes can contribute to a survival advantage. Unfortunately adjuvant interferon showed 

no benefi t in stage IIb/III melanoma.12,13 

It has been suggested that it is inappropriate to perform sentinel lymph node biopsy 

routinely in melanoma patients, because there is still no clinical trial evidence that this 

procedure is of therapeutic value.14-16 For this reason the sentinel lymph node procedure 

is reserved for melanoma patients who want to be as informed as possible about their 

prognosis, according to the Dutch national guideline ‘Melanoma’ (3rd revision).17 

The sentinel lymph node biopsy procedure has been criticised on the basis of isolated 

reports that in-transit metastasis rates are increased.18,19 However this increase was not 

apparent in two large series.20,21 Many comments by international authors point out that 

the presumption by Thomas and by Estourgie that sentinel lymph node biopsy would 

lead to an increased rate of in-transit metastasis may not be true.22-25 Analysis indicates 

that regional lymph node surgery does not increase the risk of in-transit metastasis. 

Rather, primary tumour biology alone seems to determine that risk.26 

Other malignancies

The value of sentinel lymph node biopsy has also been studied in several other 

malignancies.27-30 The diagnostic usefulness of sentinel lymph node biopsy has been 

established in penile and vulvar cancer as well, but its therapeutic value remains 

unproven. 
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Preliminary studies suggest that sentinel lymph node biopsy is also technically feasible 

in patients with Merkel cell, high-risk cutaneous squamous cell, colorectal, anal, prostate, 

urinary bladder, testicular, oral and oropharyngeal squamous cell cancer. Further 

studies with larger populations and longer follow-up are essential to better delineate 

the advantages of sentinel lymph node biopsy in the assessment and treatment of 

these malignancies. In the management of patients with thyroid, lung, gastric, cervical, 

uterine and ovarian cancer the clinical value of sentinel lymph node biopsy appears less 

promising.

New developments

Now that the concept of sentinel lymph node imaging has been fi rmly established, 

future developments deal with providing answers to clinical questions and technical 

improvements. The trials mentioned above will provide answers to the clinical questions. 

Technical improvements in the procedures mainly focus on improving spatial resolution 

of the gamma-camera images, e.g. combining single photon emission computed 

tomography (SPECT) with computer tomography (CT), in the new generation of SPECT-

CT scanners. Early reports appear to improve the yield of the procedure.31 Another 

improvement in resolution could be gained from using positron emission tomography 

(PET) for sentinel lymph node imaging. However, adequate tracers with half-lifes 

suffi  ciently long enough to allow intra-operative imaging e.g. 24 hours after tracer 

administration, are currently not available. Sentinel lymph nodes can also be depicted 

using new magnetic resonance imaging (MRI) techniques, but this application does not 

allow probe guided surgery.32 Possibly new MRI techniques can be of value to determine 

the metastatic nature of a lymph node.33 However, whether this method will ever be able 

to detect the micrometastatic disease enabled by the sentinel lymph node biopsy, is 

unlikely.

In conclusion, sentinel lymph node biopsy is now considered best practice in breast 

cancer patients and in melanoma patients, who want to be informed about the stage 

of their disease, e.g. prognosis. However to date, the eff ect on tumour recurrence and 

survival rates in patients with breast cancer and melanoma is still unknown.

Despite rapid advances in the molecular characterization of cancer, sentinel lymph node 

biopsy is likely to remain an important part of patient management, as it allows the most 

aggressive clones of the tumour (those that have metastasized) to be examined. Future 

management is likely to involve a combination of surgical and molecular techniques. 
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In the introduction, a short overview of the development of the sentinel lymph node 

biopsy concept is presented. In addition to melanoma and breast cancer, the usefulness 

of sentinel lymph node biopsy as a surgical staging method for squamous cell carcinoma 

of penis and vulva, Merkel cell carcinoma, thyroid, lung, gastric, colorectal, anal, cervical, 

uterine, ovarian, prostate, urinary bladder, testicular cancer and oral and oropharyngeal 

squamous cell carcinoma is discussed in Chapter II. 

In the fi rst part of this thesis the application of sentinel lymph node biopsy in patients 

with breast cancer is described; in the second part, the application of the technique in 

patients with cutaneous melanoma is discussed.

Breast cancer

Chapter III describes a validation study undertaken by the UMCG in co-operation 

with the Netherlands Cancer Institute in Amsterdam. Preoperative dynamic and static 

lymphoscintigraphy was used as well as intraoperative use of both a vital dye and a 

gamma detection probe. The tracers were administered into the primary lesion. Sentinel 

lymph nodes as well as axillary nodes were examined by immunohistochemistry 

staining. Sentinel lymph node biopsy was performed in 136 patients with invasive breast 

cancer. A sentinel lymph node was visualized by lymphoscintigraphy in 118 patients 

(87%). During the operation a sentinel lymph node was localized in 126 patients (93%). 

The sentinel lymph node contained metastatic disease in 56 patients (44%). Three 

sentinel lymph nodes were false-negative (sensitivity 95%). The sentinel lymph node 

biopsy technique was validated by performing axillary lymph node dissection regardless 

of the tumour status of the sentinel lymph node(s).

Chapter IV provides data on the follow-up of patients with primary operable breast 

carcinoma staged with sentinel lymph node biopsy without axillary lymph node 

dissection if the sentinel lymph nodes were tumour-negative. A total of 185 patients 

were enrolled in this prospective study conducted by the UMCG. The technique as 

described earlier was adjusted for tracer volume and injection site. The radioactive tracer 

was injected in 1 mL of saline (versus 0.2 mL previously) and both tracers were injected 

peritumourally (previously intratumourally), in accordance with current literature. 

Patients with tumour-positive sentinel lymph nodes, or those in which no sentinel lymph 

nodes were identifi ed received completion axillary lymph node dissection. All patients 

were monitored according to regional follow-up protocols. The sentinel lymph nodes 

were identifi ed in 179 out of the 185 patients (97%). In 73 patients (41%) the sentinel 

lymph nodes were tumour-positive. The median follow-up was 35 months (range, 17-59). 

In one sentinel lymph node-negative patient, axillary recurrence occurred 26 months 

after the sentinel lymph node biopsy (false-negative rate: 1%).

Chapter V focuses on the role of lymphoscintigraphy immediately versus three hours 

after tracer injection in sentinel lymph node biopsy for breast cancer management. 

Immediate imaging enables a more accurate defi nition of sentinel lymph nodes, 

whereas imaging three hours after tracer injection may lead to overestimation of 
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the number of sentinel lymph nodes in breast cancer patients. In 165 sentinel lymph 

node biopsy procedures preoperative immediate and three hours (3 h) post-injection 

lymphoscintigraphy were performed. The day after this procedure both a vital dye and a 

gamma ray detection probe were used intraoperatively for identifi cation of axillary and 

non-axillary sentinel lymph nodes. The tracers were administered intraparenchymally 

in four locations around the primary tumour or biopsy scar site. Patients with a tumour-

positive axillary sentinel lymph node underwent a completion axillary lymph node 

dissection. Immediate and 3 h post-injection lymphoscintigrams were evaluated with 

regard to the location of the draining lymph node basin and moment of appearance, 

location and number of sentinel lymph nodes. 

Lymph node visualization occurred in 63 immediate procedures (38%) versus 163 cases 

in the 3 h post-injection procedures (99%). In 17 procedures (10%) in which immediate 

lymphoscintigraphy had visualized sentinel lymph nodes, additional lymph nodes had 

been seen on 3 h post-injection lymphoscintigraphy. In eight of these procedures (5%) 

all lymph nodes were detected in the same draining lymph node basin. In nine of these 

procedures (5%) additional lymph nodes were detected in a second draining lymph 

node basin on 3 h post-injection imaging. Non-axillary sentinel lymph nodes were 

identifi ed by preoperative lymphoscintigraphy in 28 procedures (17%) and improved 

staging in three patients (5%). 

The only positive impact of immediate lymphoscintigraphy was the possible omission of 

removal of one to two second-echelon nodes per patient in 5% of patients. We consider 

this yield too low to continue immediate lymphoscintigraphy in breast cancer patients.

Melanoma

Chapter VI describes the reliability and clinical impact of sentinel lymph node biopsy in 

cutaneous melanoma of the head, neck, trunk and extremities. Two hundred patients 

with cutaneous melanoma ≥ 1.0 mm Breslow thickness and clinically negative lymph 

nodes participated in this single institutional prospective study. Detection techniques 

comprised preoperative dynamic and static lymphoscintigraphy, intraoperative blue 

dye and gamma-probe. Sentinel lymph node tumour-positive patients underwent 

completion lymphadenectomy. Sentinel lymph nodes could be identifi ed in 197 patients 

(97%). Three procedures failed in the head and neck region. In total, 150 patients had 

tumour-negative sentinel lymph nodes. During a median follow-up of 47 months, nodal 

recurrence in a negative mapped basin was documented in six patients (false-negative 

rate 11%). Recurrence-free and overall survival curves were constructed by Kaplan-Meier. 

The estimated three-year recurrence-free survival rate in node-negative and node-

positive patients was 83 and 66% respectively (P<0.05). The estimated overall survival at 

three years was 92 and 73% respectively (P<0.05). 

From these results, it can be concluded that sentinel lymph node biopsy provides 

accurate staging and important prognostic information. However, the fi nal therapeutic 

benefi ts of sentinel lymph node biopsy are still undefi ned, and therefore sentinel lymph 
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node biopsy is still considered as an experimental surgical evaluation procedure.

In the head and neck region, the value, reliability and safety of sentinel lymph node 

biopsy have not yet been determined conclusively. Chapter VII provides insights into 

the impact of sentinel lymph node biopsy on disease outcome in cutaneous head and 

neck melanoma. Thirty-six patients with a clinically node-negative cutaneous head 

and neck melanoma ≥ 1.0 mm Breslow thickness, participated in this prospective 

study. The median follow-up was 54 months. Sentinel lymph nodes could be identifi ed 

in 33 patients (92%). In seven patients (21%) the sentinel lymph node was tumour-

positive. In one patient (13%) the sentinel lymph node biopsy was false-negative. In 

17 patients (47%), lymphoscintigraphy showed a sentinel lymph node in the parotid 

region. All sentinel lymph nodes could be identifi ed in this region (success rate 100%). 

This study showed no signifi cant diff erence in the recurrence-free and overall survival 

rates between patients with a tumour-positive and a tumour-negative sentinel lymph 

node. The safety and accuracy of sentinel lymph node biopsy in the neck and parotid 

nodal basins were similar to those in non-head and neck sites. However, the technique 

is technically demanding in this region. In this small sample set, sentinel lymph node 

biopsy did not alter disease outcome, but the number of patients might be too small to 

draw any defi nitive conclusions.

Conclusions

1. Sentinel lymph node biopsy with preoperative lymphoscintigraphy after 

intralesional tracer administration and intraoperative use of both a gamma 

detection probe and a vital dye is a reliable technique for staging the axilla of 

breast cancer patients (Chapter III).

2. Sentinel lymph node biopsy without axillary lymph node dissection is a safe 

procedure to ensure loco-regional control in sentinel lymph node-negative 

breast cancer patients, if carried out by an experienced team (Chapter IV).

3. Immediate lymphoscintigraphy delivers no additional value to 

lymphoscintigraphy three hours post-injection in sentinel lymph node biopsy 

and can therefore safely be abandoned in breast cancer management

 (Chapter V).

4. In patients with cutaneous melanoma in the head, neck, trunk or extremities, 

sentinel lymph node biopsy provides accurate staging and important 

prognostic information (Chapter VI).

5. Sentinel lymph node biopsy has no impact on disease outcome in cutaneous 

head and neck melanoma, but the sample set studied might be too small to 

draw any defi nitive conclusions (Chapter VII).

Chapter IX
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De schildwachtklier is de eerste lymfklier waarop een kwaadaardige tumor draineert. 

Deze lymfklier zal als eerste zijn aangedaan, wanneer de tumor via de lymfbanen 

is uitgezaaid. De prognose is ongunstiger bij uitzaaiingen in de lymfklieren en 

dit beïnvloedt de keuze voor verdere behandeling. De introductie gaat in op de 

ontwikkeling van het concept van de schildwachtklier. In hoofdstuk II komt de 

toepassing van de schildwachtklierbiopsie bij verschillende vormen van kanker aan 

de orde. De drie daarop volgende hoofdstukken III, IV en V besteden aandacht aan 

de toepassing van de schildwachtklierbiopsie bij patiënten met borstkanker. De 

hoofdstukken VI en VII gaan over de toepassing van de schildwachtklierbiopsie bij 

patiënten met een melanoom, een zeer kwaadaardige vorm van huidkanker. Het laatste 

hoofdstuk bestaat uit een algemene discussie.

Borstkanker

De gezamenlijke resultaten van het validatie-onderzoek van het UMCG en het 

Nederlands Kanker Instituut/Antoni van Leeuwenhoek ziekenhuis in Amsterdam, zijn 

beschreven in hoofdstuk III. 

Om lymfklieren en lymfbanen met dynamische en statische lymfoscintigrafi e af te 

beelden wordt één dag voor de operatie een radioactieve merkstof in de tumor (of 

biopsieholte) gespoten. De radioactiviteit, die zich na drainage via de lymfbanen in 

de schildwachtklier ophoopt, wordt de volgende dag tijdens de operatie met een 

draagbare gammacamera gemeten. Met behulp van deze gammacamera en een blauwe 

kleurstof die enkele minuten vóór de operatie in de tumor (of biopsieholte) wordt 

gespoten, identifi ceert de chirurg de schildwachtklier(en). Na de operatie onderzoekt 

de patholoog de verwijderde schildwachtklieren en overige lymfklieren uit de oksel met 

behulp van immunohistochemische kleuringen. De schildwachtklierbiopsie-procedure 

werd bij 136 patiënten met borstkanker toegepast. Lymfoscintigrafi e liet bij 118 

patiënten (87%) één of enkele schildwachtklieren zien. Tijdens de operatie identifi ceerde 

de chirurg bij 126 patiënten (93%) de schildwachtklier(en). Bij 56 patiënten (44%) was er 

sprake van uitzaaiing in de schildwachtklier(en). Onafhankelijk van de tumorstatus van 

de schildwachtklier ondergingen alle 136 patiënten een complete okselklierdissectie 

om de schildwachtklierbiopsie-procedure te valideren. Bij drie patiënten was de 

schildwachtklier fout-negatief (sensitiviteit 95%).

De resultaten van een prospectief onderzoek bij 185 patiënten in het UMCG staan in 

hoofdstuk IV. Op basis van de literatuur is de wijze van toediening van de merkstoff en 

aangepast. De merkstoff en worden nu rondom de tumor gespoten en in een groter 

volume (1 mL versus 0,2 mL). Alleen patiënten met een tumor-positieve schildwachtklier 

ondergaan een complete okselklierdissectie, evenals patiënten waarbij de chirurg geen 

schildwachtklier kan vinden. Alle patiënten worden frequent gecontroleerd volgens 

het follow-up protocol van Integraal Kankercentrum Noord-Nederland (IKN). De chirurg 

identifi ceerde bij 179 van de 185 patiënten (97%) een of meerdere schildwachtklieren. 
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De schildwachtklier was bij 73 patiënten (41%) tumor-positief. De mediane follow-up 

periode was 35 maanden, variërend van 17 tot 59 maanden. Eén patiënte met een 

tumor-negatieve schildwachtklier in de oksel, ontwikkelde na 26 maanden een recidief 

in dezelfde oksel (fout-negatief percentage: 1%).

Hoofdstuk V beschrijft de waarde van vroege versus late lymfoscintigrafi e als 

onderdeel van de schildwachtklierbiopsie-procedure. Vroege afbeeldingen, direct 

na toediening van de radioactieve merkstof, maken een nauwkeurige identifi catie 

van schildwachtklieren mogelijk. Late afbeeldingen, drie uur na toediening van de 

radioactieve merkstof, overschatten vaak het aantal schildwachtklieren. In totaal 

ondergingen 165 patiënten zowel vroege als late lymfoscintigrafi e. Eén dag na 

lymfoscintigrafi e injecteerde de chirurg voorafgaand aan de operatie een blauwe 

kleurstof in vier depots rond de tumor of biopsieholte. Tijdens de operatie identifi ceerde 

de chirurg de schildwachtklier(en) met behulp van de blauwe kleurstof en de 

radioactiviteit, die hij met een draagbare gammacamera mat. Patiënten met een tumor-

positieve schildwachtklier ondergingen een complete okselklierdissectie. De nucleair 

geneeskundige beoordeelde de vroege en late lymfoscintigrammen naar het moment 

waarop schildwachtklieren zichtbaar werden, de locatie en het aantal.

De schildwachtklier was bij vroege lymfoscintigrafi e bij 63 procedures (38%) zichtbaar 

en bij late lymfoscintigrafi e bij 163 procedures (99%). Bij 17 procedures (10%), waarbij 

tijdens vroege lymfoscintigrafi e schildwachtklieren zichtbaar waren, werden additionele 

lymfklieren tijdens late lymfoscintigrafi e afgebeeld. Bij acht van deze procedures (5%) 

bevonden alle afgebeelde klieren zich in hetzelfde lymfklierstation. In negen van deze 

procedures (5%) bevonden de additionele lymfklieren zich in een ander lymfklierstation.

Lymfoscintigrafi e toonde bij 28 procedures (17%) schildwachtklieren buiten het 

okselklierstation. Bij drie patiënten (5%) had dit consequenties voor de stadiëring. 

De enige meerwaarde van vroege lymfoscintigrafi e is dat verwijdering van een of 

twee tweede-echelon lymfklieren kan worden voorkomen bij 5% van de patiënten. Wij 

vinden dit resultaat te gering om vroege lymfoscintigrafi e bij borstkanker patiënten te 

continueren.

Melanoom

Hoofdstuk VI beschrijft de betrouwbaarheid en de klinische waarde van de 

schildwachtklierbiopsie bij patiënten met een melanoom op hoofd, hals, romp 

of ledemaat. Tweehonderd patiënten met een melanoom van 1,0 mm of dikker 

en lymfklieren, die klinisch niet vergroot zijn, participeerden in dit prospectieve 

onderzoek. Dynamische en statische (vroege en late) lymfoscintigrafi e detecteerde de 

schildwachtklier(en) voorafgaand aan de operatie. Met een blauwe kleurstof en een 

draagbare gammacamera werd de schildwachtklier tijdens de operatie geïdentifi ceerd. 

Als de schildwachtklier tumor-positief bleek te zijn, onderging de patiënt vervolgens 

een complete klierdissectie. De chirurg identifi ceerde bij 197 patiënten (97%) een 
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schildwachtklier. In het hoofd-hals gebied waren drie procedures niet succesvol. De 

schildwachtklierbiopsie was bij 150 patiënten tumor-negatief. In een mediane follow-

up periode van 47 maanden ontstonden bij zes patiënten lymfkliermetastasen in een 

klierstation, waaruit eerder een tumor-negatieve schildwachtklier verwijderd is (fout-

negatief percentage 11%). Curves van de overleving en het ziektevrije interval werden 

met de Kaplan-Meier methode gemaakt. De geschatte ziektevrije overleving na drie 

jaar was bij tumor-negatieve en tumor-positieve patiënten respectievelijk 83% en 

66% (P<0.05). De overleving na drie jaar was respectievelijk 92% en 73% (P<0.05). De 

schildwachtklierbiopsie stadieert nauwgezet en het levert belangrijke prognostische 

informatie op. De defi nitieve rol van de schildwachtklierbiopsie is nog steeds niet 

volledig bepaald en om die reden wordt de schildwachtklierbiopsie nog altijd 

beschouwd als een experimentele chirurgische stadiëringsmethode.

Hoofdstuk VII geeft inzicht in het eff ect van de schildwachtklierbiopsie op het 

ziekteverloop van patiënten met een melanoom in het hoofd-hals gebied. Aan dit 

prospectieve onderzoek namen 36 patiënten deel. Deze patiënten hadden een 

melanoom met een minimale Breslow dikte van 1,0 mm en zij hadden bij lichamelijk 

onderzoek geen palpabele lymfklieren. De chirurg identifi ceerde de schildwachtklier bij 

33 patiënten (92%). De schildwachtklier was bij zeven patiënten (21%) tumor-positief. 

Bij een patiënt (13%) was de schildwachtklier fout-negatief. Lymfoscintigrafi e liet bij 

17 patiënten (47%) een schildwachtklier in de parotis zien. Deze schildwachtklieren 

werden vervolgens tijdens de operatie in de parotis geïdentifi ceerd (succespercentage 

100%). De mediane follow-up in deze serie was 54 maanden. Een in-transit metastase 

als eerste recidief ontstond bij twee patiënten (2/7=29%) tijdens follow-up nadat een 

tumor-positieve schildwachtklier verwijderd was en bij twee patiënten (2/26=8%) 

na verwijdering van een tumor-negatieve schildwachtklier. Dit onderzoek liet geen 

signifi cant verschil in de totale en ziektevrije overleving zien tussen patiënten met 

een tumor-positieve en een tumor-negatieve schildwachtklier. De veiligheid en de 

accuraatheid van de schildwachtklierbiopsie in het hoofd-hals gebied en de parotis 

zijn vergelijkbaar met de toepassing van de schildwachtklier elders in het lichaam. 

Echter, de methode is technisch lastig in dit gebied. In deze kleine studie had de 

schildwachtklierbiopsie geen invloed op het ziekteverloop, maar het aantal patiënten 

was te klein om defi nitieve conclusies te trekken.

Conclusies

1. Schildwachtklierbiopsie met preoperatieve lymfoscintigrafi e na intratumorale 

toediening van de merkstof en het gebruik van zowel een gammacamera als 

een blauwe kleurstof tijdens de operatie, is een betrouwbare methode om bij 

borstkanker patiënten het okselklierstation te stadiëren (Hoofdstuk III).

2. Schildwachtklierbiopsie zonder complete okselklierdissectie is een veilige 

methode om locoregionale controle te garanderen bij borstkanker patiënten 
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met een tumor-negatieve schildwachtklier, onder voorwaarde dat de 

schildwachtklierbiopsie wordt uitgevoerd door een ervaren team (Hoofdstuk IV).

3. In vergelijking met late lymfoscintigrafi e heeft aanvullende vroege 

lymfoscintigrafi e bij borstkanker patiënten geen additionele waarde bij 

schildwachtklierbiopsie en om die reden is het veilig om aanvullende vroege 

lymfoscintigrafi e achterwege te laten (Hoofdstuk V).

4. Bij patiënten met een melanoom op hoofd, hals, romp of ledemaat is de 

schildwachtklierbiopsie een accurate methode om te stadiëren en het levert 

belangrijke prognostische informatie op (Hoofdstuk VI).

5. Schildwachtklierbiopsie heeft geen eff ect op het ziekteverloop bij patiënten 

met een melanoom in het hoofd-hals gebied, maar vanwege het kleine aantal 

patiënten kunnen geen defi nitieve conclusies getrokken worden (Hoofdstuk VII).
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Een multidisciplinaire benadering van de patiënt, waar de schildwachtklierbiopsie een 

goed voorbeeld van is, is niet mogelijk zonder de betrokkenheid en inzet van een groot 

aantal collegae. Dit proefschrift is mede dankzij hun inspanningen tot stand gekomen. 

Zonder anderen tekort te willen doen, wil ik enkelen in het bijzonder bedanken.

Prof.dr. H.J. Hoekstra, mijn promotor. Beste Harald, jij hebt in 2005 de begeleiding van 

mijn onderzoek voortvarend overgenomen van mijn toenmalige promotor prof.dr. H. 

Schraff ordt Koops, vijf jaar na diens emeritaat. Ik wil je bedanken voor de energieke, 

doortastende en vasthoudende wijze waarop je mij de afgelopen jaren in het onderzoek 

hebt begeleid. Ik kon altijd rekenen op je snelle respons, ervaring en uitgebreide 

netwerk.

Dr. J. de Vries en dr. P.L. Jager, mijn copromotores. Beste Jaap, in 1996 introduceerde jij 

de schildwachtklierbiopsie in het Universitair Medisch Centrum Groningen bij patiënten 

met borstkanker. Aan de vele schildwachtklierbiopsie-procedures die ik sindsdien 

met jou op de operatiekamer heb mogen doen bewaar ik goede herinneringen. Je 

realistische benadering van de wetenschap en je steun zijn heel waardevol voor mij 

geweest. De pen die je mij tijdens mijn trouwdag symbolisch gegeven hebt om mijn 

proefschrift af te schrijven, heeft gelukkig zijn dienst bewezen. Tige tank dêrfoar.

Beste Piet, de eerste zeven maanden van mijn promotie was ik werkzaam op de 

afdeling Nucleaire Geneeskunde. Met veel toewijding heb jij mij in die tijd geleerd hoe 

ik lymfoscintigrammen moest maken en interpreteren. De samenwerking met jou in 

die periode en in de jaren daarna is heel plezierig geweest. Je positieve instelling en je 

enthousiasme, gecombineerd met het altijd bereikbaar zijn voor overleg en begeleiding, 

heb ik bijzonder op prijs gesteld. Ik wil je daarvoor hartelijk bedanken. Ik betreur het dat 

je binnenkort naar Canada vertrekt.

Prof.dr. H. Schraff ordt Koops, Hooggeleerde Heer, in 1995 introduceerde u de 

schildwachtklierbiopsie, die op dat moment nog niet werd toegepast in het UMCG, 

bij patiënten met een melanoom. Ik wil u bedanken voor de kans die ik van u heb 

gekregen om de waarde van deze techniek voor patiënten met een melanoom 

of borstkanker te onderzoeken. Ik heb goede herinneringen aan het groot aantal 

schildwachtklierbiopsieprocedures bij patiënten met een melanoom, die ik met u op 

de operatiekamer heb mogen doen. Ik heb getracht om het proefschrift af te ronden 

binnen de termijn van uw ius promovendi, maar tot mijn spijt is dat niet gelukt. 

Dr. D.A. Piers, beste Bert, dank voor je vriendelijkheid, betrokkenheid en enthousiasme 

waarmee jij mij begeleid hebt, in het bijzonder met betrekking tot de nucleair 

geneeskundige aspecten van de schildwachtklierbiopsie. 
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Dr. J.Th.M. Plukker, beste John, ik wil jou bedanken voor je betrokkenheid 

bij het onderzoek, in het bijzonder ten aanzien van de toepassing van de 

schildwachtklierbiopsie in het hoofd-hals gebied. De discussies die wij met elkaar 

hebben gevoerd over de interpretatie en weergave van de onderzoeksresultaten zijn 

voor mij heel waardevol geweest. Je hartelijkheid en je fi losofi sche instelling hebben een 

positieve impuls gegeven aan mijn onderzoek. 

Prof.dr. A. Vermey, in memoriam, heeft als eerste in het UMCG de schildwachtklierbiopsie 

toegepast in het hoofd-hals gebied. Met zijn scherpzinnigheid en weloverwogen analyse 

van de onderzoeksresultaten heeft hij een constructieve bijdrage aan dit proefschrift 

geleverd. 

Prof.dr. B.B.R. Kroon, dr. O.E. Nieweg, dr. L. Jansen (thans als chirurg werkzaam in het 

UMCG), dr. E.J.Th. Rutgers, dr. J.L. Peterse en dr. R.A. Valdés Olmos van het Nederlands 

Kanker Instituut/Antoni van Leeuwenhoek ziekenhuis in Amsterdam, beste Bin, Omgo, 

Liesbeth, Emiel, Hans en Renato, ik wil jullie hartelijk bedanken voor de leerzame en 

plezierige samenwerking. 

De leden van de beoordelingscommissie, prof.dr. E.G. de Vries, prof.dr. B.B.R. Kroon, prof.

dr. H. Hollema. Dank voor de spoedige beoordeling en de suggesties ter verbetering van 

het manuscript.

De medeauteurs van de afdelingen Chirurgie, Nucleaire Geneeskunde, Gynaecologische 

Oncologie en Medical Technology Assessment (MTA)-bureau wil ik bedanken voor de 

plezierige, constructieve wijze waarop wij in de afgelopen jaren met elkaar hebben 

samengewerkt.

Personeel van de afdelingen Chirurgie, Nucleaire Geneeskunde en Pathologie bedank ik 

voor hun medewerking aan het onderzoek. 

Dear Dr. D.L. Morton (John Wayne Cancer Institute, Santa Monica, USA) and 

Dr. U. Veronesi (European Institute of Oncology, Milan, Italy), thank you for the 

opportunity to visit you and see how the sentinel lymph node procedure is carried out in 

your institutes.

De Raad van Bestuur, en in het verlengde daarvan de Beleidsstaf van het UMCG wil ik 

bedanken voor de inspirerende werkomgeving. Een dergelijke werkomgeving, met een 

sympathieke, respectabele leidinggevende (Jos Aartsen) en plezierige collegae die met 

regelmaat hun betrokkenheid hebben getoond, heeft een positieve bijdrage geleverd 

aan de afronding van dit proefschrift. 
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Mijn ouders, leave heit en lieve mama, ik ben jullie dankbaar voor jullie 

onvoorwaardelijke liefde, die wederzijds is. Mijn broer Franke, mijn paranimf, eindigde 

als kind zijn versje in mijn poëziealbum met ‘wees lief voor je broer Frank’. Jij was en bent 

lief voor je zusje, hartelijk dank daarvoor. 

Zonder andere vrienden tekort te willen doen, wil ik drie vriendinnen in het bijzonder 

bedanken. Mijn jeugdvriendinnen Gerlinda Poolman-Muizelaar, mijn paranimf, en 

Fenneke Nooy-Knipscheer. Ik wil jullie hartelijk bedanken voor het feit dat ik altijd 

vertrouwd op jullie terug kan vallen. Graag had ik jullie allebei als paranimf willen 

vragen, maar dat liet het protocol helaas niet toe. Dit geldt ook voor mijn vriendin 

Fiona Nijkamp-Lyell, moeder van mijn petekind Ella. Ik wil je hartelijk bedanken voor de 

(internationale) vriendschap die we hebben sinds we elkaar bij Rotaract ontmoetten. 

Daarnaast wil ik je van harte bedanken voor de correctie van het Engels van de 

hoofdstukken in deze dissertatie, die niet eerder zijn gepubliceerd. 

Lieve Rutger en Hannah, hartelijk dank voor alle liefde en warmte die jullie mij geven. 

Het is een feest om jullie mama te zijn. 

Mijn Grote Liefde, allerliefste Jurjan, een jong gezin, werk en gelijktijdig promoveren 

brengt de nodige turbulentie met zich mee. Ik ben je dankbaar voor het feit dat we die 

turbulentie in goede harmonie hebben kunnen delen. Dankzij jouw geduld zijn we er in 

geslaagd om op dezelfde dag te promoveren.

‘I do remember the twenty-fi rst night of September….’

Edwina Doting

Haren, december 2006
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Wanneer ze zeggen: eens wordt alles anders

En eens, dan worden alle mensen één

Er is geen einde aan het laatste einde

Er is alleen een eeuwig nieuw begin

Dan zal ik daar onmiddellijk in geloven

Tegen beter weten in.

Lennaert Nijgh






