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The Number of Removed Lymph Nodes for an Acceptable False Negative
Rate in Sentinel Lymph Node Biopsy for Breast Cancer

Bon Young Koo, Seong Gu Jeong, Tae Ik Eom, Hee Joon Kang, Lee Su Kim

Division of Breast and Endocrine Surgery, College of Medicine, Hallym University, Anyang, Korea

Purpose: This study was performed to find the adequate
number of removed lymph nodes to achieve an acceptable
false-negative rate when performing sentinel lymph node
biopsy for breast cancer. Methods: A total of 179 sentinel
node biopsies combined with conventional axillary lymph
node dissection for breast cancer were performed between
November 2003 and June 2007. Results: The overall iden-
tification rate of sentinel lymph node and the false negative
rate of the biopsy were 95.0% and 8.1%, respectively. Yet

the false negative rate of the biopsy was lowered as the num-
ber of the removed nodes was increased. Especially, the
false negative rate was 0% when more than 4 lymph nodes
were removed. Conclusion: We recommend that four lymph
nodes should be removed to obtain accurate results in sen-
tinel node biopsy for breast cancer.
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Table 1. Clinicopathologic characteristics of the patients

Number of patients (%)

Age (yr) 49.8+11.9 yr (range: 30-84 yr)
T stage

T 101/179 (56.4)

T2 73/179 (40.8)

T3 5/179 (2.8)
Tumor location

Upper outer 97/179 (54.2)

Upper inner 28/179 (15.6)

Lower inner 11/179 (6.1)

Lower outer 31179 (17.3)

Central 12/179 (6.7)
N stage

NO 106/179 (59.2)

N1 53/179 (29.6)

N2 20/179 (11.2)
Type of operation

MRM 65/179 (36.3)

BCS 114/179 (63.7)
Pathology

Invasive ductal carcinoma 162/179 (90.5)

Invasive lobular carcinoma 1/179 (0.6)

Others

Mean number of sampled SLN
Mean number of total ALN

2.7+1.3 (range: 1-8)

(

.
16/179 (8.9)

(
14.5+8.7 (range: 3-53)

MRM=modified radical mastectomy; BCS=breast conserving surgery;
SLN=sentinel lymph node; ALN=axillary lymph node.
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Table 2. The relationship between the number of resected
lymph nodes and the false negative rate and the accuracy in
sentinel node biopsy on permanent pathology

Number of
resected False negative rate Accuracy
lymph nodes
1 23.1% (3/13) p=0.014  90.9% (30/33) p=0.039
2 11.1% (2/18) 96.2% (50/52)
3 4.8% (1/21) 97.9% (46/47)
>4 0% (0/22) 100% (38/38)
Total 8.1% (6/74) 96.5% (164/170)

Table 3. Patient characteristics of six false negative sentinel node biopsy

Tumor ) . Ao .Of
Order of SLN Age Tumor Pathology size Histologic Tumor metastatic Stage Operation
operation number number grade location ALN/total
(cm)
ALN
29179 1 65 1 IDC 43 I LOQ 2/21 llb MRM
39/179 1 37 1 IDC 1.8 I LIQ 3/16 lla MRM
49179 1 35 1 IDC 2.5 I uoQ 8/34 llla BCS
63/179 2 37 1 IDC 18 1l uoQ 1/15 lla BCS
116/179 2 67 1 IDC 15 I Central 114 lla MRM
154/179 3 35 1 IDC 2.1 1l ulQ 1/16 llb MRM

SLN=sentinel lymph node; IDC=invasive ductal carcinoma; ALN=axillary lymph node; MRM=modified radical mastectomy; BCS=breast conserving
surgery; UOQ=upper outer quadrant; LOQ=lower outer quadrant; LIQ=lower inner quadrant; UIQ=upper inner quadrant.



Number of Sentinel Lymph Nodes in Breast Cancer

O] =7k 170Q1 797} 3L, 27H, 37K, 8707k 2zt 1414 Q)
ik, Hejskd o ® wE g4 ITellaL, 4oo)A Wy
CAFRPAAE], Y A] 26l ffEEEo] AT, &
2] 5g2 490l A 255, 29014 35Folsith TUde Y=
gl Fo] 2009, ’GPQlé, Sl Z, WS 2Ea SR 2
1oq19eh, %] Wt A71% 2.3+ 1.0 (H9: 1.5-4.3 cm)°l
I, W7|=11a7} 349, b7} 2¢], 183 IMla7} 19|k Table 3).

)

=}
=

d

Morton 5 (18)°] Yo Y Ho] 54491 SAIFfA
22 7|1 gAEZEe] Hole dd TPl =
ol e} == A WA Yz Aol et T2 ol2fdt Fok=
o] L FFORFE Hzdo] 23wl e =0l A
Ashs WSS QuisHA =3l o= HAl-ZEo] U]
T A7E opdEt o2 AL 4=
AP E ] B 3
25E ths dHl(echelon)d] Hzd }7\] ol ETAY o]
A SR wlolsh EAYste] melo] of Ao Y
2 Sl el B 5 917 whiolct. 19,20)

Boxen S2)E WAHY B9IA4E 713 ol A A
e A EzAR Ao e %x]u]— o]g{zﬂ- al_z_x%o] Z0F Al
S 7V WA WolSolis AR ao] obd 4 glc ol of
3t 371419 ole el 4= Gl P
o ARst YT UL FalelH o TAle] YA of5st
A2 o che BAle) Yrdo] YrE o A BBl o
A7 AR A9l 3 WA e Ymauct o g
AP B34 ZHE7) tRolt), A, YAl A w
Aae] G Hje LAolA] YA 914 Wik ople} YR
Solk Y e Aot U 58 72 vl 2 Q7] )
Fof| BUAE 7 Ho] AF e 29 ‘hottest node 71 HEEA]
B A DA o] gAlHEHol2tal & = gls Sl ARt e
A7 A gz oletal shejekie Zo] obAlze] ofsf i A
oh F2RE AR JopA| HaL 2= thE HEdo] FRE
AFstol FAI-ZAR QA E= Aapt 2elE7] mizelw (22)
whbA AR ] of ] ZHY 4= QAL A Aol s 7t
A5 G8to] S AR B9l AL b e
o) o} Y o] AJejS w4+ Sh= Mtrue) U
Yz o] obd 4= Q7] W] 7R ofe] A9 AAHZES A
SR Zo] A7) ASHES 2 4 9IS Aol 953 4=
QIek. ofe] A7AREo] oje} e AT AME B s
S (15)E 44999] -H Ho] Q) BAE o=

=

Mo of Ix

[ o
E
>,

Carter

103

I 0_0*;
r°"

i)
mlo

ArollAl Bt 2.3700] AAIH=ZAS
AABIGES wf 99%2] Ho| oA TAYZ AL wAst
thal Hausiglnt, 77789 [ Aol o SRS Ui
Yi 5(23)9] AtellAE 4785 HASHAS wf 99%2] Ho]
xS WAsIgl, 5715 AASHS o 99% ol
UeRH ok B sttt Wong 5@40% A HA|
237&% s Y1541 E0] 28.8%°) HalH ot +
FshH Q18480 4.3%= WolR|1L, 47)
L4%7NA] $1&/dE0] Wolxlrkal Harskgiry., %LH
im 5-(25)0] TR Y= Ao| Ho|7} Eelg 3xjEo] A
AL o|| A 93.6% (73/78)2] Ho|7} =], ?
A& Z71819E W) 96.2% (75/78), Al tﬂzzﬁ A
7kt ) 100% (78/78)0ll4 Ho| oiFE &1
Hurskg}, A2l dtoA= 7&/\1%2?4 34
A 7t 7R A9 13 E] st
0] 7147 o3 o) 91273 E0] 0%7} He

N 0 o2 |o 4y ¥
ToEhl
EEJ‘OFQL‘;%
Hoay
My >

e oo

)

N

E; I

e
=
S~

[kl
i)
i
noi'

o

K3
)

rE ot

oAM=

2
I
)
ﬂ

AN D

i)
3
N
*
o
l M

o
I
i)
o
R

O

N e
)

]

p

4
%

>
2
e
IO
r};‘ R

In
)

Rl

e
4o
0
2
i)

Veronesi 5(26)2 ¢t k2] 37171 1.5 ecm ©4Q1 739l
71—/\]%12;& Aﬂ7—14 _?4_% o] H 5_7]:?5L.Q. _76‘]—93\31_ o]%
ZoFo] 7|7t £ 79 H= uje] A= W) 28E7] wjRo]
2}aL Aeslgitt, w3 Estourgie 527 &) A|AEo]
AMS S EA0) 7|7 R AU R - ool Qg HE
ol 7 2.0 Ao hApsto] H]ﬂ’*]alze 14
) Ao =2 010X Avlo] ¢ 531}, 2 A=
goflollAl 1578 ATE R4 Eﬂ U9 37]% Bt 2.3 cmO|
2, Al zEo) 7 Ae o), 223 F 17999 s 5
= 35 ZA(learning curve) /\]7]°ﬂ e At &

g wglovt Faje] 47} Hol 25 olo| that A7t ¢

IAEEE RIS

R S

o i
:
3 5

négf ¢
st
L
Léi
f
o
3

AAES YAV B} A GRS B ol gk
SEIAR-EC ] SN -1

Ho= % 7]»X] Ul WSlsl Zlo] 7hA|E T A dhA 2L 9]
= Qithal HAE|Ql7] wiE
= Aol A= AlRYEIR] AR AR 2 A ofefe] Aol

7} ojAlEls Y o] Welrhd 2712 HAE sk Zlo] 1Al

=4 QA0 9SS Eelrky Huwitt (3) 2ejug o] 2
o} & oI re] AntE E3sly ool P HA4o] FhEES
Fjotes A A Y 70 B2 el o Wl%‘zé A4
A RZEE A7) A FAISHE Zlo] vl vl Ak
Zolol ) A4 dFo] o8 wAEE 7 E"Eg] F7} o|H Tk
Zopy Qa0 Mol oA El= A Ae HAE] ufelsio] A
Al ke Ao] YSAES Wi dl =l 2 2o Az



d &

Fuerel GARTE A A BAE PEAL] Sl Bess
A SIS AEI AEHEAL AME ), S5 47 ol ) §)
SHE 0% BB 10072 Bk webd] ZAYEE A7 A
PP ) A= BASH: 2] A2 Aol

1]
re

=
ik

1. Fisher B, Slack NH. Number of lymph nodes examined and the pro-
gnosis of breast carcinoma. Surg Gynecol Obstet 1970;131:79-88.
2.McMasters KM, Tuttle TM, Carlson DJ, Brown CM, Noyes RD,
Glaser RL, et al. Sentinel lymph node biopsy for breast cancer: a sui-
table alternative to routine axillary dissection in multi-institutional
practice when optimal technique is used. J Clin Oncol 2000;18:2560-6.

3. Hoar FJ, Stonelake PS. A prospective study of the value of axillary
node sampling in addition to sentinel lymph node biopsy in patients
with breast cancer. Eur J Surg Oncol 2003;29:526-31.

4. Schrenk P, Rieger R, Shamiyeh A, Wayand W. Morbidity following
sentinel lymph node biopsy versus axillary lymph node dissection for
patients with breast carcinoma. Cancer 2000;88:608-14.

5. Schwartz GF, Giuliano AE, Veronesi U. Proceedings of the consen-
sus conference on the role of sentinel lymph node biopsy in carcinoma
of the breast April 19 to 22, 2001, Philadelphia, Pennsylvania. Hum
Pathol 2002;33:579-89.

6.Bauer TW, Spitz FR, Callans LS, Alavi A, Mick R, Weinstein SP,
et al. Subareolar and peritumoral injection identify similar sentinel
nodes for breast cancer. Ann Surg Oncol 2002;9:169-76.

7.Ikeda T, Jinno H, Fujii H, Kitajima M. Recent development of sen-
tinel lymph node biopsy for breast cancer in Japan. Asian J Surg 2004;
27:275-8.

8.Kim SW, Han W, Park IA, Chung JK, Yeo JS, Moon WK, et al. Pro-
spective study of 162 sentinel Ilymph node biopsies in breast cancer:
usefulness of ultrasonography in patients selection. J Korean Breast
Cancer Soc 2003;6:103-8.

9.Krag D, Weaver D, Ashikaga T, Moffat F, Klimberg VS, Shriver C,
et al. The sentinel node in breast cancer--a multicenter validation study.
N Engl J Med 1998;339:941-6.

10. Smith LF, Cross MJ, Klimberg VS. Subareolar injection is a better
technique for sentinel lymph node biopsy. Am J Surg 2000;180:434-7.
11. Zavagno G, Meggiolaro F, Rossi CR, Casara D, Pescarini L, Marchet

A, et al. Subareolar injection for sentinel lymph node location in breast

Bon Young Koo, et al.

cancer. Eur J Surg Oncol 2002;28:701-4.

12. de Mascarel I, Bonichon F, Coindre JM, Trojani M. Prognostic sig-
nificance of breast cancer axillary lymph node micrometastases asse-
ssed by two special techniques: reevaluation with longer follow-up.
Br J Cancer 1992;66:523-7.

13. Hoon DS, Sarantou T, Doi F, Chi DD, Kuo C, Conrad AJ, et al. De-
tection of metastatic breast cancer by beta-hCG polymerase chain
reaction. Int J Cancer 1996;69:369-74.

14. Noguchi S, Aihara T, Motomura K, Inaji H, Imaoka S, Koyama H.
Detection of breast cancer micrometastases in axillary lymph nodes
by means of reverse transcriptase-polymerase chain reaction. Com-
parison between MUC1 mRNA and keratin 19 mRNA amplification.
Am J Pathol 1996;148:649-56.

15. McCarter MD, Yeung H, Fey J, Borgen PI, Cody HS 3rd. The breast
cancer patient with multiple sentinel nodes: when to stop? J Am Coll
Surg 2001;192:692-7.

16. Martin RC 2nd, Edwards MJ, Wong SL, Tuttle TM, Carlson DJ,
Brown CM, et al. Practical guidelines for optimal gamma probe de-
tection of sentinel lymph nodes in breast cancer: results of a multi-
institutional study. For the University of Louisville Breast Cancer
Study Group. Surgery 2000;128:139-44.

17. Woznick A, Franco M, Bendick P, Benitez PR. Sentinel lymph node
dissection for breast cancer: how many nodes are enough and which
technique is optimal? Am J Surg 2006;191:330-3.

18. Morton DL, Wen DR, Wong JH, Economou JS, Cagle LA, Storm
FK, et al. Technical details of intraoperative lymphatic mapping for
early stage melanoma. Arch Surg 1992;127:392-9.

19. Morton DL, Bostick PJ. Will the true sentinel node please stand? Ann
Surg Oncol 1999;6:12-4.

20. Nathanson SD. Will the true sentinel node please stand? Ann Surg
Oncol 1999;6:514-6.

21.Boxen I, McCready D, Ballinger JR. Sentinel node detection and
definition may depend on the imaging agent and timing. Clin Nucl
Med 1999;24:390-4.

22.Martin RC, Fey J, Yeung H, Borgen PI, Cody HS 3rd. Highest iso-
tope count does not predict sentinel node positivity in all breast cancer
patients. Ann Surg Oncol 2001;8:592-7.

23.Yi M, Meric-Bernstam F, Ross MI, Akins JS, Hwang RF, Lucci A,
et al. How many sentinel lymph nodes are enough during sentinel
lymph node dissection for breast cancer? Cancer 2008;113:30-7.

24. Wong SL, Edwards MJ, Chao C, Tuttle TM, Noyes RD, Carlson DJ,

et al. Sentinel lymph node biopsy for breast cancer: impact of the



Number of Sentinel Lymph Nodes in Breast Cancer

number of sentinel nodes removed on the false-negative rate. J Am
Coll Surg 2001;192:684-9.

25. Kim HJ, Chang MA, Hong SJ, Lee JS, Jung MS, Kim MJ, et al. Result
of sentinel lymph node biopsy using radioisotope in clinically lymph
node negative breast cancer. J Breast Cancer 2007;10:141-6.

26. Veronesi U, Paganelli G, Galimberti V, Viale G, Zurrida S, Bedoni
M, et al. Sentinel-node biopsy to avoid axillary dissection in breast
cancer with clinically negative lymph-nodes. Lancet 1997;349:1864-7.

27. Estourgie SH, Nieweg OE, Valdes Olmos RA, Rutgers EJ, Peterse

JL, Kroon BB. Eight false negative sentinel node procedures in breast

105

cancer: what went wrong? Eur J Surg Oncol 2003;29:336-40.

28. Cody HS 3rd, Fey J, Akhurst T, Fazzari M, Mazumdar M, Yeung H,
et al. Complementarity of blue dye and isotope in sentinel node loca-
lization for breast cancer: univariate and multivariate analysis of 966
procedures. Ann Surg Oncol 2001;8:13-9.

29. Cox CE, Furman B, Dupont EL, Jakub JW, Stowell N, Clark J, et al.
Novel techniques in sentinel lymph node mapping and localization
of nonpalpable breast lesions: the Moffitt experience. Ann Surg Oncol
2004;11:222-6.



