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T hiss thesis reflects The Netherlands Cancer Institute's efforts on lymphatic 
mappingg and sentinel lymphadenectomy over almost a decade. 
Cooperationn of radiologist, nuclear medicine physician, surgeon and 
pathologistt is essential as is illustrated by the work on non-palpable breast 

cancerr (chapter 8). A lesson we learned from the statistical analysis of the learning 
phasee described in chapter fourteen is that continuous monitoring and evaluation of 
clinicall  practice is necessary to assure quality and safety of the procedure. This 
processs should extend beyond the learning phase. Monitoring also provides 
feedbackk from attempts to further improve the technique as described in chapters six 
andd seven. Literature review and clinical studies to understand (patho-) 
physiologicall  mechanisms may help to elucidate the reasons for technical failure and 
leadd to solutions for these problems (chapters three, four, five and seven). 

Applicationn in various tumour types 

InIn recent years, lymphatic mapping with sentinel node biopsy has been applied in 
severall  other malignancies in addition to melanoma and breast cancer. In this thesis, 
thee value of sentinel node biopsy in squamous cell carcinoma of the penis is 
describedd (chapters eleven and twelve). Initial experience with lymphoscintigraphy 
andd laparoscopic sentinel node biopsy in testicular cancer has been obtained (chapter 
thirteen).. Other urological cancers may be suitable as well.1-2 Extensive expertise in 
sentinell  node biopsy for vulvar carcinoma exists, an indication which shares certain 
characteristicss with penile cancer.3"8 The same is true for head and neck squamous 
celll  carcinomas although published series still concern small numbers of patients.9"15 

Inn the late 1990s, sentinel node biopsy was introduced for gastro-intestinal 
malignancies,, starting with colon cancer. In contrast to unsatisfactory results from 
Dutchh investigators with blue dye only, American studies reported a high reliability 
off  this relatively simple technique in colorectal cancer.1619 Blue dye mapping of the 
colonn can be performed in vivo as well as ex vivo.20-2^ Less experience has been 
obtainedd with the use of radiolabelled colloids in this tumour type.2223 Lymphatic 
mappingg in colorectal cancer wil l primarily affect staging, although the extend of 
resectionn may be influenced by an aberrant drainage pattern in a small percentage of 
patients.244 This staging information can be used to help select patients for adjuvant 
chemotherapy.. Japanese studies showed that sentinel lymphadenectomy is also 
feasiblee in the upper intestinal tract, using endoscopic submucosal administration of 
radiopharmaceuticall  or vital dye.22-25-26 The role of sentinel node biopsy in 
carcinomass of the stomach and oesophagus seems to be confined to better 
identificationn of metastasising routes from the primary tumour which may define 
thee extent of lymphadenectomy.22,27 

Limitedd experience has been gained in sentinel node biopsy for other tumour types 
likee cervical and uterine carcinoma, thyroid carcinoma and lung cancer.27"34 

Applicationn of lymphatic mapping in rare malignancies such as Merkel cell 
carcinoma,, cutaneous lymphoma and anal carcinoma has been described.3537 
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Unresolvedd issues 

Itt is generally known that answering certain questions wil l raise just as many new 
questions.. Sentinel node biopsy as an answer to the question of how to prevent 
unnecessaryy morbidity in node-negative breast cancer patients has resulted in 
severall  new points of discussion. The technique of lymphatic mapping confronts us 
withh the intricate lymphatic system of the breast by visualisation of several non-
axillaryy drainage routes. We know from the past that the tumour-status of internal 
mammaryy nodes has prognostic value and, consequently, biopsy of sentinel nodes in 
thee internal mammary chain wil l have implications for staging and treatment 
(chapterss ten and sixteen). Randomised trials are needed to prove that pursuing 
thesee nodes impacts on survival of breast cancer patients. Several technical issues 
discussedd in chapter four are still unresolved at the time this thesis was written. One 
off  the most intriguing topics concerns the injection site. As we learned from 
anatomicall  studies and clinical practice, injection of tracers in or just beneath the skin 
overlyingg the breast wil l almost exclusively visualise lymph nodes in the axilla. Our 
concernn about the reliability of such a superficial injection to identify the axillary 
sentinell  node draining an intraparenchymally located tumour has been partially 
takenn away by recent reports of favourable false-negative rates with intradermal 
injectionn although these studies do not furnish the ultimate proof.3839 

Anotherr unresolved issue is the suitability of sentinel node biopsy for certain 
subgroupss of patients. Recent studies disprove the fear that lymphatic mapping 
wouldd be less reliable in larger breast carcinomas.4041 Multifocal invasive breast 
cancerr is still a contraindication for sentinel node biopsy in most institutions, but 
somee authors have reported a satisfying reliability of the technique in such 
patients.42-433 Conflicting results have been described for sentinel lymphadenectomy 
afterr neo-adjuvant chemotherapy.44"47 It is our policy to perform sentinel node 
biopsyy without surgical treatment of the primary rumour before neo-adjuvant 
chemotherapyy in order to determine the need for axillary clearance later on. 
Bringingg the procedure from the operating room to an outpatient setting using local 
anaesthesiaa would make this approach more attractive.48 The use of sentinel node 
biopsyy in ductal carcinoma in situ (DCIS) can identify a small subgroup with lymph 
nodee metastasis.49 However, DCIS experts like Lagios and Silverstein, disagree with 
thiss indication.50 They stress the importance of adequate resection of DCIS followed 
byy thorough pathologic evaluation to exclude the presence of an invasive component 
andd question the significance of a micrometastasis in the sentinel node from a 'true' 
DCIS. . 

Somee investigators have tried to define the appropriate indication for lymphatic 
mappingg in melanoma based on parameters like Breslow thickness, presence of 
ulcerationn and Clark level.51'52 Recent studies have revealed unfavourable new 
informationn that questions the wisdom of this trend. Three studies published in 2001 
withh a combined total of 1851 patients show a disturbing lack of ability to identify 
tumour-positivee lymph node basins. The false negative rates were 16%, 19% and 
25%.53"555 The ultimate purpose of lymphatic mapping is to provide sentinel node 
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positivee melanoma patients with early therapeutic measures, such as regional node 
dissectionn and adjuvant systemic treatment. However, there is currently no evidence 
thatt such approaches result in improved regional control and survival. It is unclear 
whetherr additional surgery should be performed when the sentinel node contains 
metastaticc disease or how extensive such a lymph basin dissection should be. Another 
unnervingg finding is the 13% to 19% incidence of in-transit metastases in patients 
withh a tumour-positive sentinel node that was reported by three groups.53-56-57 The 
Multicenterr Selective Lymphadenectomy Trial wil l provide more insight in these 
problemss within several years. 

Completionn lymphadenectomy 

Thee sentinel node is the only tumour-positive lymph node in about 40% to 65% of 
breastt cancer patients, depending on the extent of the pathological examination of 
thee axillary lymph nodes.58"62 The indication for axillary lymph node dissection can 
bee restricted further if the presence of non-sentinel node metastases can be predicted. 
Patientss with a micrometastasis in the sentinel node have a significant lower risk of 
non-sentinell  node metastasis than patients with macrometastasis, but this former 
riskk was not considered to be negligible (table l).60"66 

Tablee 1. Incidence of non-sentinel node metastases in breast cancer patients with mirometastatic involvement 

off the sentinel node. 

Firstt author 

Scerni66 6 

Dauway63 3 

Reynolds61 1 

Wong62 2 

Mazzarol64 4 

Rahusen60 0 

Turner6S S 

Definitionn SN micrometastasis 

<< 1.4mm, H&E and IHC 

<< 2mm, H&E 

onlyy IHC 

<< 2mm, H&E 

onlyy IHC 

<< 2mm, H&E 

<< 1 mm2, H&E and IHC 

<< 2mm, H&E 

onlyy IHC 

Evaluationn non-SN 

--
--
--

H&EE and IHC* 

H&E E 

33 levels, H&E 

11 level, H&E 

44 levels, H&E and IHC 

11 level, H&E 

22 levels, IHC 

11 level, H&E 

22 levels, IHC 

Non-SNN metastasis 

3/14(21%) ) 

5/200 (25%) 

2/266 (8%) 

6/277 (22%) 

3/28(11%) ) 

9/49(18%) ) 

4/30(13%) ) 

8/300 (27%) 

8/44(18%) ) 

14/44(32%) ) 

4/499 (8%) 

10/49(20%) ) 

SN=sentinell node; H&E=hematoxyiin and eosin; IHC=immunohistochemistry; *=immunohistochemistry used in 18 ot 27 

cases s 

Otherr factors associated with a decreased risk of non-sentinel node involvement in 
casee of a tumour-positive sentinel node are: small tumour size, absence of 
peritumourall  lymphatic vascular invasion, limited number of tumour-positive 
sentinell  nodes, absence of extranodal hilar tissue invasion, decreasing proximity to 
capsulee and location of metastasis in lymph node sinusoids (as compared to 
parenchymall  location).60"62'65-66 Some investigators have tried to identify sentinel 
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node-positivee patients with a very low-risk of non-sentinel node metastasis in whom 
completionn axillary clearance can be avoided by combining clinico-pathological 
factorss (table 2).61-65 In melanoma, the sentinel node is the only tumour-positive 
lymphh node in about 80% of the patients, although this percentage is smaller when 
molecularr techniques are used by the pathologist.67 Similar attempts to predict non-
sentinell  node involvement have been made in melanoma.6869 

Tablee 2. Sentinel node-positive patients with the lowest risk of non-sentinel node metastasis. 

Firstt author Clinicopathologic characteristics Non-SN metastasis 

H&EE IHC 

Reynolds611 SN metastasis < 2 mm, T1 primary tumour 0/18 (0%) 0/18 (0%) 

TurnerKK SN metastasis < 2 mm, only 1 SN metastasis, T1 or T2 primary tumour, 1/58 (2%) 6/58 (10%) 
noo peritumoral lymphatic vascular invasion, no extranodal hilar tissue 
invasion n 

SN=sentinell node; H&E=hematoxylin and eosin; IHC=immunohistochemistry 

Goingg one step further, one may question if axillary clearance in sentinel node-
positivee breast cancer patients wil l be of any benefit at all. Complete abolition of 
axillaryy lymph node dissection is the subject of the American College of Surgeons 
Oncologyy Group (ACOSOG) Z0011 trial.70 This trial randomises sentinel node-
positivee patients between axillary lymph node dissection and observation of the 
axilla.. The rationale of the Z0011 trial is the controversial role of locoregional control 
forr survival and the therapeutic effect of adjuvant chemotherapy and radiotherapy 
inn conjunction with breast conserving surgery on residual tumour in the axilla. An 
ongoingg European trial called AMAROS (After Mapping of the Axilla, Radiotherapy 
Orr Surgery) is designed to determine the effectiveness and morbidity of axillary 
radiationn therapy in comparison to axillary lymph node dissection if the sentinel 
nodee is tumour-positive. 

MM icrometastasis 

Thee preceding discussion is closely related to the controversial issue of how the 
pathologistt should assess the sentinel node. The use of step-sectioning, 
immunohistochemicall  staining and reverse transcription polymerase chain reaction 
(RT-PCR)) results in the detection of small metastases, even submicroscopic tumour 
burden.711 But how much effort should we invest in scrutinising the sentinel node in 
thee light of the uncertain significance of micrometastases? Dowlatshahi and co-
workerss have reported a conversion rate of 26% by intensifying the pathological 
examinationn of the sentinel node in 200 breast cancer patients from sections at 2-
3mmm intervals stained with hematoxylin and eosin (H&E) to sections at 0.25mm 
intervalss stained with cytokeratin.72 It was the same group from the Luke's Medical 
Centerr in Chicago that reviewed the dilemma arising from minimal amounts of 
tumourr which were detected in many retrospective studies by multiple sectioning 
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andd additional staining of lymph nodes that were tumour-negative by routine 
pathologicall  assessment.73 The impact of occult lymph node metastases on the 
prognosiss remains controversial, because other prognosticators related to the 
primaryy tumour have also gained significance. The initial report of the International 
(Ludwig)) Breast Cancer Study Group showed that the presence of occult lymph 
nodee metastases identified in H&E stained serial sections was an independent 
prognosticc factor in 921 patients, thereby supporting the performance of thorough 
pathologicall  investigation of sentinel nodes.74 In a recent analysis of the same patient 
population,, Cote and associates found that immunohistochemically detected occult 
lymphh node metastases adversely affected both disease-free and overall survival in 
postmenopausall  patients, but not in premenopausal women.75 Confronted with the 
controversiall  data derived from retrospective studies, we look forward to the 
valuablee outcome of prospective trials. Evaluation of the role of cytokeratin-positive 
breastt cancer cells in bone marrow and lymph nodes wil l be part of the ACOSOG 
Z00100 and Z0011 trials.70 

Whatt is the role of RT-PCR-detected micrometastases? This technique can identify 
onee tumour cell in 106 normal cells. Conversion rates of histologically negative 
lymphh nodes can be up to 65% using this technique, but the probability of false-
positivee results should be considered.76"78 Some authors have shown correlation of 
RT-PCRR findings with clinico-pathological parameters in melanoma and breast 
cancer,, thereby underlining the usefulness of molecular staging.79"83 Comparable 
resultss have been obtained with RT-PCR analysis of sentinel nodes in colon cancer.24 

Ongoingg studies like the Sun Belt Melanoma Trial wil l further establish the 
importancee of molecular staging for prognosis and decision-making on adjuvant 
therapy. . 

Neww developments 

Thee currently used tracers all have their disadvantages. The ideal tracer is rapidly 
andd completely cleared from the injection site and retained in the sentinel node(s) 
withoutt migration to higher-echelon lymph nodes.84 Investigators from the Texas 
Healthh Science Center tried to solve the problem of the passage of blue dye through 
thee sentinel node, which restricts the window of opportunity for surgical 
exploration.855 Liposomes can encapsulate hydrophilic agents such as blue dye within 
theirr aqueous interior and, thereby, function as intermediates to enable retention of 
thee dye by lymph nodes. Liposomes are coated with the high-affinity ligand biotin to 
increasee lymph node extraction. Subcutaneous injection of the biotin-liposomes is 
thenn followed by injection of another ligand, avidin, which causes aggregation and 
entrapmentt of the liposomes in the first encountered lymph node. The blue-biotin-
liposomee particle can be labelled with 99mTc and has shown to be an effective tracer 
inn a rabbit model. Other investigators have developed a 99mTc-labelled receptor-
bindingg radiopharmaceutical with a small molecular diameter.86 The synthetic 
macromoleculee diethylenetriaminepentaaceticacid (DTPA)-mannosyl-dextran with a 
diameterr of 7.1nm (  0.9nm) exhibits faster injection site clearance and lower distal 
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lymphh node accumulation than does filtered 99mTc-sulfur colloid in rabbits. These 
propertiess based on receptor specificity and affinity make it a promising agent in a 
neww class of tracers. The problem related to the small percentage of macromolecules 
thatt is cleared from the injection site forms a challenge for further improvement. 

AA better sentinel node imaging technique can also contribute to advance in the field 
off  lymphatic mapping. Lymphoscintigraphy provides littl e anatomical detail and is 
limitedd by its poor discriminating power. In addition to injection of the radiolabelled 
colloidd for sentinel node identification, administration of bone-seeking "mTc-
methylenee diphosphonate or 99mTc-pertechnetate has been used for outlining the 
bodyy contour in the head and neck region.10-87 Excellent images of the anatomy with 
highh spatial resolution can be obtained with the use of Magnetic Resonance (MR) 
lymphangiographyy with injection of a MR contrast agent called USPIO (Ultra-Small 
Particless of Iron Oxide) as shown in pigs.88 This may be a valuable technique to solve 
problemss related to tumours with a complex lymphatic drainage and a short 
distancee to the primary draining lymph nodes. 

Thee mechanisms underlying lodging of a micrometastasis in a sentinel node is a new 
unexploredd field of research.89 Investigators from the John Wayne Cancer Institute 
studiedd the distribution and functioning of paracortical interdigitating dendritic cells 
inn sentinel nodes.90-91 They suggest that immunosuppressive factors from a primary 
melanomaa induce a localized and specific paralysis of the immunologic response to 
melanomaa antigens in the primary draining lymph node. Gaining more insight in 
thee failure of the immune surveillance mechanisms probably enables the 
developmentt of effective cytokine therapy. 

Concludingg remarks 

Selectivee lymphadenectomy has been a hot topic in surgical oncology and related 
discipliness during the last decade. Although we are still waiting for the results of 
largee randomised phase III trials, the technique of lymphatic mapping with sentinel 
nodee biopsy has gained a place as staging procedure in melanoma and breast cancer 
andd wil l probably do so in several other malignancies in the near future.92"95 In 
contrastt to the situation in melanoma, there is not yet a standard technique that can 
bee advocated to achieve more uniformity in performing the procedure in breast 
cancer.. Major technical advances have to come from the development of new tracers 
withh properties of complete and rapid clearance from the injection site and high 
selectivee affinity for the sentinel node. Sentinel node biopsy has re-opened 
discussionss about the role of lymphatic tumour dissemination and regional lymph 
nodee dissection. Improvement in staging accuracy, in which the pathologist has an 
importantt task, helps medical oncologists and radiotherapists in selecting suitable 
candidatess for adjuvant treatment. Future studies should focus on technical 
improvementt and defining of the clinical consequences of lymphatic mapping with 
sentinell  lymphadenectomy. 
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