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Abstract
Background: The histologic status of axillary lymph nodes is one

of the most important prognostic factors in breast cancer and
influences the management of these patients. Axillary lymph node
dissection was traditionally performed in all patients to obtain this
information but this procedure carries a considerable rate of complica-
tions. Recently, sentinel lymph node biopsy has emerged as an
accurate and minimally invasive tool for predicting the axillary nodal
status and has become the standard of care in selected patients with
breast cancer.

Objective: To examine the accuracy of SLN biopsies performed
by surgical residents during surgical resident training.

Methods: This prospective, randomized controlled study included
100 consecutive patients with clinically early breast cancer (T1-T2, N0,
M0). Lymphatic mapping was performed using radiotracers, blue dye,
or both. Formal axillary lymph node dissection completed the
operations in all patients. All operations were performed by surgical
residents under the supervision of senior surgeons.

Results: The overall rate of identification of sentinel lymph nodes
was 92%. The accuracy of SLN biopsy in reflecting the axillary nodal
status was 96% with a false negative rate of 5.7%.

Conclusions: Sentinel lymph node biopsy is an accurate method
for the evaluation and staging of regional lymph nodes in breast cancer
patients. A dedicated instruction program for surgical residents may
increase the standard of care and lead to highly trained surgeons in the
management of early breast cancer.
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Staging of patients with invasive breast cancer and clinically

negative regional lymph nodes remains the primary goal of axillary

lymph node dissection [1,2]. The histologic status of these nodes is

still one of the most important prognostic factors in patients with

breast cancer and directly affects the clinical management.

Detection of regionally involved lymph nodes predicts a 40%

reduction in the 5 year survival rate [3]. However, in as many as 60%

of patients with palpable early breast cancer and in 90% of patients

with occult invasive breast lesions the resected nodes are clear

[4,5]. Nevertheless, over 80% of women who undergo axillary lymph

node dissection have at least one postoperative complication,

including infections, hematomas, decreased sensation and reduced

movement range of the arm [6±8]. The high rates of complications

and negative resections on one hand, and the important value of

the histologic status of the regional nodes on the other, encouraged

the development of a potentially alternative method to formal

ALND, namely, sentinel lymph node biopsy. The sentinel lymph

node was defined by Cabanas in 1976 [9] as the first node to receive

lymphatic drainage from a solid tumor and should, theoretically,

have the earliest detectable lymphatic tumor. In 1992 Morton et al.

[10] used blue dye to identify the lymphatic duct that drained into

the sentinel lymph nodes of patients with malignant melanoma.

The localization of the sentinel node in breast cancer by radio-

tracers was reported by Krag and associates [11], and not long after,

Giuliano et al. [12] were the first to report the successful use of blue

dye in breast cancer. Albertini [13] examined the yield of combining

the two methods, suggesting the synergistic effect of this com-

bination.

The primary goal of sentinel node evaluation is to accurately

stage patients using a less morbid procedure. There is also

evidence to suggest that by studying a smaller number of lymph

nodes with greater scrutiny using immunohistochemical stains and

deeper sections, micrometastasis can be detected [14]. Overall, as

experience in this field grew, the reported accuracy of SLN biopsy

with respect to the regional lymph node status was high (97%) [15]

and additional controlled studies are now in progress. Furthermore,

in institutions with established high SLN biopsy performances,

selected patients are enrolled to SLN biopsy without formal ALND

if the former is free of tumor deposits [16].

In the present study we report our initial experience in sentinel

lymph node biopsy in patients with early breast cancer performed

by surgical residents.

Patients and Methods

Patients

Between December 1998 and December 2001 we studied 100

consecutive patients with early invasive breast cancer (clinical

stages T1-T2, N0, M0). Excluded from this study were patients with

clinical evidence of axillary metastasis, previous axillary lymphade-

nectomy, locally advanced disease, ductal carcinoma in situ, or

pregnant or lactating women. Ages of the women enrolled in this

study ranged from 41 to 83 years, mean 51 years. Seventy-one

patients had tumors4 2 cm (T1) and 29 patients had tumors of 2±4

cm (T2). Preoperative histologic diagnosis was confirmed by open
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biopsy of a palpable lesion in 47 patients and by open biopsy with

needle localization in 12 patients. In 41 patients malignancy was

detected by cytologic analysis obtained by fine-needle aspiration.

Invasive ductal carcinoma was the commonest pathology encoun-

tered and was found in 82 patients. Less common malignancies

were found in 18 patients: invasive lobular carcinoma in 8, invasive

tubular carcinoma in 4, combined invasive tubuloductal carcinoma

in 4, and invasive mucinous carcinoma in 2. The operations were

performed by five surgical residents at different stages of their

residency (the youngest of them being in her second year of

residence), under the supervision of senior attending surgeons. In

82 patients conservative breast surgery with lymphadenectomy was

performed and another 18 patients underwent modified radical

mastectomy.

Lymphoscintigraphy

Lymphoscintigraphy was performed after peritumoral injection of

radiolabeled colloid, which was drained and then phagocytized by

the regional lymph nodes [17]. We used 400 mcurie Rhenium colloid

labeled with Technetium-99m, which was injected 4±24 hours

before surgery to the breast tissue surrounding the primary tumor.

At the time that the study was initiated we usually injected the

isotope 16±24 hours before the operation, based on recommenda-

tions in the literature [17]. Following additional studies showing

that the isotope can be injected on the day of the operation with a

similar success rate [11], we began to inject the isotope only 4

hours before surgery. Scintigraphic images were obtained 5, 10, 20,

60 and 120 minutes after injection using a large-field-of-view

gamma camera equipped with a parallel hole, low energy and high

resolution collimator. Planar anterior and oblique lateral scans of

the breast and axillary region were obtained to determine the exact

position of the sentinel node. Delineation of body contour was

obtained using flood source of 57Co (Amersham, UK). A body

contour was obtained with a Co57 phantum.

Operative technique and pathologic analysis

We injected 2 ml isosulfan blue dye (Patent Blue Sodium Guerbet

2.5%, Guerbet, France) intradermally into the breast surrounding

the tumor (or biopsy site) in the operating room 5±10 minutes

before surgery. A hand-held gamma counter was then used to

localize the radioactive SLN. We first defined the perimeter of the

radioactive tracer diffusion zone around the injection site, and then

examined the axilla, the breast and the surrounding tissue for

discrete regions of radioactivity. The site of the incision was

selected with the aid of the hand-held gamma counter. All the

radioactive nodes encountered were removed until the background

radiation in the axillary bed disappeared. Radioactivity of the

resected nodes was always determined away from the operative

field. Similarly, all stained lymph nodes were removed. Blue dye

localization was considered successful if a stained lymph node was

identified during exploration of the axillary region. Isotope

localization of a sentinel lymph node was defined as an area of

localized radioactivity separate from the injection site with at least

25 counts per 10 seconds. Dye-only or isotope-only success rates

(the marginal benefit) were defined as the proportion of cases in

which the SLN was identified by only one of the methods. The

overall identification rate (the total success rate) was defined as the

percentage of SLN identified by either of the methods, alone or in

combination.

A formal lymphadenectomy including levels I and II was then

performed in all patients. Pathologic examination included review

of paraffin sections stained by hematoxylin and eosin from lymph

nodes found in the specimen. Lymph nodes from the axillary

dissections were sectioned two or three times. Sentinel lymph

nodes were processed by at least six serial sections, stained with

hematoxylin and eosin, and one section (usually level III) was

stained for anti-cytokeratin by a cocktail of low and high molecular

weight monoclonal antibodies.

Statistical analysis

One-way analysis of variance and chi-square tests were used for

statistical analysis. A P value of <0.05 was considered significant.

Results

Sentinel lymph nodes were identified in 92% of the patients

enrolled in the study (92 of 100). When radiolabeled isotopes were

used, sentinel nodes were detected by a hand probe in 81.3% of the

patients (74 of 91). When blue dye was used the detection rate was

72% (67 of 93), which was significantly lower than the rates

observed for the radiolabeled method (P < 0.05). In 61 of 88

patients (69.3%), sentinel lymph nodes were identified by both blue

dye and gamma probe. The mean number of sentinel lymph nodes

and non-sentinel axillary lymph nodes removed from each patient

was 1.8 (range 1±3) and 15 (range 8±35), respectively. Among the 92

patients in whom one or more sentinel lymph nodes were

identified, sentinel nodes were limited to one location in 85

patients (92%), to two locations in 6 patients (6.5%), and to three

locations in one patient (1%).

Table 1 illustrates the definitive pathologic results for the 92

patients in whom a SLN was identified. The sentinel node was

found to be metastatic in 39 of 92 patients (42.3%): in 22 of 39

(56.4%) the sentinel node was the only metastatic axillary node,

while in 17 of 39 (43.6%) other metastatic axillary nodes were

also found. In four patients micrometastases were only detected

by immunohistochemistry for anti-cytokeratin and were not

observed by standard hematoxylin and eosin staining. In 53 of

92 patients (57.6%) the sentinel node did not harbor metastasis.

In 50 of these patients (94.3%) no other axillary node showed

metastatic involvement, while in 3 cases metastasis was

discovered in non-sentinel nodes, resulting in a false negative

rate of 5.7%.
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Table 1. Concordance between sentinel node and other axillary lymph nodes at

the definitive histologic examination

Sentinel

nodes

Other axillary

nodes

No. of

patients

Positive Positive 17

Positive Negative 22

Negative Negative 50

Negative Positive 3
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The observed sensitivity of finding a histologically positive

sentinel node was 85% (17 of 20). The specificity by definition was

100%. The overall accuracy of sentinel nodes in assessing the

presence of metastatic disease was 96.7% (89 of 92). The positive

predictive value was 43.5% (17 of 39), and the negative predictive

value 94.3% (50 of 53).

Discussion

Sentinel lymph node biopsy has become the standard of care in the

evaluation of axillary nodal involvement and is used routinely

worldwide. We began to perform SLN biopsies some 4 years ago as

part of the resident training program in a teaching hospital. Our

results show high accuracy rates in determining the correct nodal

status, similar to the rates published in previous studies [17]. With

meticulous and dedicated training, a high performance rate can be

achieved by surgical residents, preparing them to provide the

standard of care in breast cancer as independent surgeons in the

future.

Although SLN biopsy has been shown by numerous studies to

be highly accurate, errors do occur. In our study we encountered

three false negative cases in which the SLN was tumor-free but

metastasis was detected in other non-sentinel nodes. We examined

these cases in order to understand what led to this failure but

unfortunately could not find a feasible explanation. Some authors

have speculated that the skin area where the radiolabeled isotope

was injected had a lymphatic drainage different to that of the tumor,

or that rarely were there true skip metastases [17]. One study found

that all the false negative results occurred when the primary tumor

was in the lateral half of the breast [15]. Other studies concluded

that the rate of false negative biopsies was increased in operations

performed in patients with previous excisional biopsies [18].

However, none of these findings was applicable to the present

study. The location, methods of histologic/cytologic diagnosis and

time of injection were different in each of these cases. In two of the

false negatives, SLNs were detected by radiotracers alone and one

was detected by both blue dye and radiotracer.

Several methods are employed for lymphatic mapping in breast

cancer, including blue dye, radiotracers, or a combined approach

using both blue dye and radiotracers. Nevertheless, there is no

consensus as to which is the optimal technique. Individual experts

have reported excellent results with the use of single-agent SLN

mapping, but these results are not representative of those reported

by all investigators. Most notably, reports from Giuliano and

colleagues [19] and Kern [20] demonstrated high success rates of

93% and 98%, respectively, with the use of blue dye alone without

any false negative results, but the collective published literature for

blue dye mapping reports a mean success rate of only 81% and a

false negative rate of 9% [21]. Veronesi and co-workers [22] reported

a 99% success rate with isotope alone and 7% false negative results,

similar to subsequent studies. In our department we use the

combined technique of blue dye and radioisotope mapping as

advocated by Albertini [13]. Our results show that while the

identification rate for blue dye and radiotracers was 71% and 82%

respectively, the overall identification rate was 92%, suggesting that

the use of the combined technique results in a higher success rate.

The optimal injection site for radioactive colloid injection

technique for breast SLN biopsy has not been defined. Veronesi

et al. [22] found that subdermal injection of radioactive colloid

resulted in an SLN identification rate of 98.2% and a false negative

rate of 4.7%. Kelly et al [23], comparing the SLN identification rates

obtained from different injection sites, reported rates of 89.9%,

95.3%, and 98.0% when the radiotracer was injected to the

peritumoral, subdermal, and intradermal areas, respectively.

Although the highest rates in that study were achieved by

intradermal injection, it did not decrease the rate of false negative

findings.

The technique of SLN biopsy requires significant training, and

axillary lymph node dissection should not be abandoned until

the entire team is able to achieve highly accurate results. In the

present study all patients enrolled to SLN were also subjected to

ALND to evaluate the ability of SLN biopsy to accurately reflect

the nodal status. Theoretically, if ALND had been reserved in this

study for patients with positive sentinel nodes only, 50 patients

would have been spared the cost and morbidity of axillary

dissection, at the price of 3 cases of undetected axillary

metastases. Indeed, the data overwhelmingly permit the simple

conclusion that a tumor-free sentinel node is indicative of node-

negative breast cancer in at least 95% of cases in experienced

hands [24]. We therefore apply this concept in our department as

part of the high standard of care of eligible breast cancer

patients. Finally, our results suggest that dedicated teaching of

the sentinel lymph node biopsy technique by senior surgeons

may lead to a high level of competency when these biopsies are

performed by surgical residents.

References

1. Breast. In: Fleming ID, Cooper JS, Henson DE, eds. AJCC Cancer Staging

Manual. 5th edn. Philadelphia: Lippincott-Raven, 1977:171±80.

2. Bonadonna G, Valagussa P, Moliterni A, Zambetti M, Brambilla C.

Adjuvant cyclophosphamide, methotrexate and fluorouracil in node-

positive breast cancer: the result of 20 years of follow-up. N Engl J Med

1995;332:901±6.

3. Bonadonna G. Karnofsky Memorial Lecture: Conceptual and practical

advances in the management of breast cancer. J Clin Oncol 1989;7:1380±

97.

4. Overmoyer BA. Chemotherapy in the management of breast cancer.

Cleveland Clin J Med 1995;62:36±50

5. Bouedec LG, Pomel C, Chamussy E, Feillel V, de Latour M, Dauplat J.

Axillary lymph node dissection in clinically occult breast cancer. Bull

Cancer 1996;83:581±8.

6. Petrek JA, Blackwood MM. Axillary dissection: current practice and

technique. Curr Prob Surg 1995;32:257±323.

7. Maunsell E, Brisson J, Deschenes L. Arm problems and psychological

distress after surgery for breast cancer. Can J Surg 1993;36:315±20.

8. Larson D, Weinstein M, Goldberg I, et al. Edema of the arm as a function

of the extent of axillary surgery in patients with stage 1-2 carcinoma of

the breast treated with primary radiotherapy. Int J Radiat Oncol Biol Phys

1986;12:1575±82.

9. Cabanas RM. An approach to penile carcinoma. Cancer 1977;39:456±60.

10. Morton DL, Wen DR, Wong JH. Technical details of intraoperative

lymphatic mapping for early stage melanoma. Arch Surg 1992;127:392±9.

11. Krag DN, Weaver DL, Alex JC, Fairbank JT. Surgical resection and

radiolocalization of the sentinel lymph node in breast cancer using a

gamma probe. Surg Oncol 1993;2:335±40.

Original Articles

558 A. Mahajna et al. IMAJ . Vol 5 . August 2003



12. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic mapping

and sentinel lymphadenectomy for breast cancer. Ann Surg 1994;220:

391±401.

13. Albertini JJ, Lyman GH, Cox C, et al. Lymphatic mapping and sentinel

biopsy in the patient with breast cancer. JAMA 1996;276:1818±22.

14. Raymond WA, Leong AS. Immunoperoxidase staining in the detection of

lymph node metastases in stage 1 breast cancer. Pathology 1989;21:11±

15.

15. Krag D, Weaver D, Ashikaga T, et al. The sentinel node in breast cancer: a

multicenter validation study. N Engl J Med 1998;339:941±6.

16. Veronesi U, Paganelli G, Galimberti V, et al. Sentinel node biopsy to

avoid axillary dissection in breast cancer with clinically negative lymph

nodes. Lancet 1997;349:1864±7.

17. Zavagno G, Busolin R, Bozza F, et al. Sentinel node biopsy in breast

cancer. Breast 2000;9;139±43.

18. Feldman SM, Krag DN, McNally RK, Moor BB, Weaver DL, Klein P.

Limitation in gamma probe localization of the sentinel node in breast

cancer patients with large excisional biopsy. J Am Coll Surg 1999;

188:248±54.

19. Giuliano AE, Jones RC, Brennan M, Statman R. Sentinel lymphadenect-

omy in breast cancer. J Clin Oncol 1997;15:2345±50.

20. Kern KA. Sentinel lymph node mapping in breast cancer using

subareolar injection of blue dye. J Am Coll Surg 1999;189:539±45.

21. Cody HS. Clinical aspects of sentinel lymph node biopsy. Breast Cancer

Res 2001;3:104±8.

22. Veronesi U, Paganelli G, Viale G, et al. Sentinel node biopsy to avoid

axillary dissection in breast cancer with clinically negative lymph nodes.

Lancet 1997;349:1864±

23. McMasters KM, Wong SL, Martin RC 2d, et al. Dermal injection of

radioactive colloid is superior to peritumoral injection for breast cancer

sentinel lymph node biopsy: results of a multi-institutional study. Ann

Surg 2001;233:676±87.

24. Turner RR, Ollila DW, Krasne DL, et al. Histopathologic validation of the

sentinel lymph node hypothesis for breast carcinoma. Ann Surg

1997;226:271±8.

Correspondence: Dr. M.M. Krausz, Dept. of Surgery A, Rambam Medical

Center, P.O. Box 9602, Haifa 31096, Israel.

Phone: (972-4) 854-2782,

Fax: (972-4) 854-3273

email: m_krausz@rambam.health.gov.il

Original Articles

Capsu le

Older age and non-response to HBV vaccine

Hepatitis B recombinant vaccine, which involves a triple dose

vaccination schedule, was the first vaccine shown to prevent

infection and cancer. Studies have shown an association between

older age at vaccination and non-response rates. Fishman et al.

constructed a meta-analysis of 24 studies published from 1986

through 1999 that included a total of 11,037 subjects. Older

subjects were defined in some studies as over the age of 30. A

significant decrease in response rate to the vaccination was

found among older subjects. Investigators calculated a 1.76

relative risk for failure to respond in older subjects compared

with younger ones, but this did not change after elimination of

possible publication bias. As hepatitis B vaccine is important for

preventing infections in high risk individuals, these results must

be considered when creating coherent vaccination policies.

Clin Infect Dis 2002;35:1368

E. Zimlichman

Capsu le

Screening for prostate cancer

The U.S. Preventive Services Task Force (USPSTF) has recom-

mended against routine screening for prostate cancer. Following

publication of new trials on early detection of prostate cancer, the

USPSTF issued new guidelines. In the only published randomized

trial in which prostate specific antigen (PSA) testing and digital

rectal examination (DRE) were compared with no screening,

prostate cancer death rates did not differ between screened men

and non-screened men. Only one of three case-control trials

suggested that DRE decreased prostate cancer mortality rates.

The USPSTF emphasized the harms of screening: false positive

results, unnecessary biopsies, complications of treatment, and

anxiety. Overall, the USPSTF concludes that the evidence is

insufficient to recommend for or against routine screening for

prostate cancer using PSA or DRE (USPSTF grade I). The question

still remains whether detection of early prostate cancer improves

survival. Future large randomized trials will allow the USPSTF to

update its current recommendation.

Ann Intern Med 2002;137:915

E. Zimlichman

Wars are fought by children. Conceived by their male demonic elders, and fought
by boys.

Penelope Lively (1933- ), British novelist

559IMAJ . Vol 5 . August 2003 Sentinel Lymph Node Biopsy in Early Breast Cancer


