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Axillary	lymph	nodes,	Z11	and	TNM8	

•  Management	of	the	axilla	in	early	
breast	cancer	
– SNB	nega3ve	
– SNB	posi3ve	

•  Z11	
– What	does	it	tell	us	about	the	
management	of	a	posi3ve	axilla?	

•  Pathological	handling	of	the	SNB	
•  TNM8	(AJCC	8th	edi3on)	

Management	of	the	axilla	in	early	breast	cancer	
	

•  Nodal	dissec3on	
– Radical	(Halsted)	mastectomy	
(1882-1970s)	

•  Purpose	
– Therapy	

•  Removal	of	all	breast	3ssue	
with	overlying	skin	and	
underlying	pectoral	muscles	

•  Removal	of	involved	nodes	

Lymph	node	status	and	survival	
Tayside	2000-2004	operable	breast	cancer	pa3ents	

n=1074	

p < 0.0001  

Node	nega3ve	

Node	posi3ve	

Lymph	node	status	and	survival	
Tayside	2000-2004	operable	breast	cancer	pa3ents	

n=1074	

p < 0.0001 

1-3	nodes	posi3ve	

≥4	nodes	posi3ve	

Node	nega3ve	

Axillary	node	clearance	

•  Defini3ve	staging	of	the	
axilla	

•  Treatment	of	axillary	
disease	

•  Morbidity	
–  Seroma	
–  Lymphoedema	(2-30%)	
–  Numbness	
–  Paraesthesia	
– !ROM	at	shoulder		
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NSABP	B-04	

•  Clinically	node	nega3ve	
–  Halsted	Mx	(incl	ANC)	
–  Simple	Mx	+	XRT	to	axilla	
–  Simple	Mx	only	

•  Clinically	node	posi3ve	
–  Halsted	Mx	(incl	ANC)	
–  Simple	Mx	+	XRT	to	axilla	

•  25	year	follow-up	
–  DFS	
–  OS	

•  No	adjuvant	systemic	
therapy	

NSABP	B-04	

No	significant	difference	in	
outcome!	

NSABP	B-04	

•  Clinically	node	posi3ve	
–  Halsted	Mx	(incl	ANC)	
–  Simple	Mx	+	XRT	to	axilla	

•  Clinically	node	nega3ve	
–  Halsted	Mx	(incl	ANC)	
–  Simple	Mx	+	XRT	to	axilla	
–  Simple	Mx	only	

No	difference	in	outcome	
ader	25	years	

No	difference	in	outcome	
ader	25	years	

NSABP	B-04	

•  Clinically	node	nega3ve	pa3ents	
– Mx	+	ANC	-	40%	had	posi3ve	nodes		
– Mx	only	-	18.6%	presented	with	nodal	
metastasis	during	25	years	of	follow-up!	

NSABP	B-04	

•  Conclusions	
– Node	posi3ve	disease	

• Radiotherapy	is	as	good	as	surgery	
• Confirmed	by	AMOROS	

– Clinically	node	nega3ve	disease	
• No	treatment	to	the	axilla	is	necessary	

Axillary	node	clearance	

•  Defini3ve	staging	of	the	
axilla	✔	

•  Treatment	of	axillary	
disease	?	

•  Morbidity	✔	
–  Seroma	
–  Lymphoedema	(2-30%)	
–  Numbness	
–  Paraesthesia	
– !ROM	at	shoulder		
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Sen3nel	Node	Biopsy	

Cancer 

Sentinel	Node	Biopsy	
•  Things	worth	remembering	about	SNB	
-  False	nega3ves	

– 7%	on	meta-analysis	of	9,220	pa3ents	(Pesek	et	al	
World	J	Surg	2012)		

–  The	posi3ve	SLN	is	frequently	the	only	posi3ve	
node	(>50%	in	ALMANAC,	61%	in	NSABP	B-32)	

–  10%	of	SLNs	are	internal	mammary	nodes	
(ALMANAC)	

– 6%	had	internal	mammary	node	metastases	with	
nega(ve	axillary	nodes	(ALMANAC)	

Sentinel	Node	Biopsy	

•  Nega3ve	SNB	
– Does	it	maier	that	SNB	has	significant	false	
nega3ve	rate?	

•  Posi3ve	SNB	
– Does	the	volume	of	metasta3c	disease	
maier?	

Nega3ve	SNB	

Outcome	following	nega3ve	SNB	

were patients with a primary, invasive breast cancer !3 cm.
Exclusion criteria were palpable regional lymph nodes, neo-
adjuvant chemo- or radiotherapy, pregnancy, known allergic
reactions to blue dye or isotope, previous breast surgery, and
preoperatively diagnosed tumor multifocality. Informed writ-
ten consent was obtained from all patients. The study design
was approved by the Ethics Committee of Karolinska Insti-
tute, Stockholm, and each region’s local Ethics Committee.

Twenty-six Swedish hospitals (9 university, 13 county,
2 private, and 2 community) and 131 surgeons contributed to
patient accrual in this study. To be recognized as an approved
institution, a minimum of 30 sentinel node biopsies followed
by a confirmatory ALND had to be performed at that center.
No more than 1 false negative sentinel node biopsy was
allowed among these 30 operations, and a detection rate of at
least 90% was required.

Identification of Sentinel Node
Preoperative lymphoscintigrams were obtained after

peritumoral, sub- or intracutaneous injection of 40 to 60 MBq
Technetium-99 nanocolloid (Tc-99-nanocolloid, Solco Nano-
coll; Nycomed, Amersham, UK), followed by gentle massage
of the area. For nonpalpable tumors, mammography was used
for guidance. Typically, scintigraphic images were obtained
after 5 and after 45 to 60 minutes, and repeated after 2 to 3
hours if no sentinel node was identified initially. Five to 15
minutes before incision, 1 mL blue dye (Patent Blue V;
Guerbet, Paris, France) was injected in a similar manner.

A hand-held gamma probe was used during surgery.
Lymph nodes identified by uptake of blue dye and/or radio-

isotope were removed as sentinel nodes and sent fresh to
pathology. If no sentinel lymph node could be identified, a
completion ALND, including levels I and II, was performed.
ALND was also performed in the event of a positive SNB and
if lymph nodes clearly suspicious of metastasis were detected
intraoperatively. In addition, ALND could be offered patients
who were found to have multifocal tumors on the postoper-
ative pathologic examination. Sentinel node-negative patients
had no further axillary surgery.

Pathologic Assessment
Frozen sections were obtained from sentinel lymph nodes

and examined during operation. Sentinel nodes larger than 4 mm
were bisected, and at least 1 or 2 sections from each part
analyzed separately. For definitive pathology, at least 3 sections
were prepared from the sentinel node or each part of the bisected
node. The sections were stained with hematoxylin and eosin
staining. If no cancer cells were detected, immunohistochemical
staining with cytokeratin antibodies was also performed. Con-
glomerates of cancer cells !2 mm were defined as microme-
tastases, and cancer cell deposits !0.2 mm as submicrometas-
tases. Patients with submicrometastases or isolated cancer cells
were considered node-negative. Nonsentinel nodes were exam-
ined only by routine hematoxylin and eosin staining according to
the protocol in each pathology department.

Selection of the Present Cohort
The current analysis aimed at identifying the rate of AR

and overall and disease-free survival in patients with an invasive
breast cancer !3 cm who had no further axillary surgery after a

TABLE 1. Incidence of Axillary Recurrence After Negative Sentinel Node Biopsy Without
Completion Axillary Lymph Node Dissection in Patients With Primary Invasive Breast Cancer

Publication
(Author, Year)

Patients
(N)

Median
Follow-up (mo)

Design
(No. Institutions)

Axillary
Recurrences N (%)

Veronesi24 (2001) 280 14 Single 0 (0)
Roumen19 (2001) 100 24 Single 1 (1)
Chung9 (2002) 208 26 Single 3 (1.4)
Reitsamer17 (2003) 116 22 Single 0 (0)
Veronesi25 (2003) 167 46 Single 0 (0)
Badgwell7 (2003) 159 32 Single 0 (0)
Blanchard8 (2003) 685 29 Single 1 (0.1)
Naik15 (2004) 2340 31 Single 3 (0.12)
Reitsamer18 (2004) 200 36 Single 0 (0)
Imoto11 (2004) 112 52 Single 4 (3.6)
Torrenga21 (2004) 104 57 Single 1 (0.96)
van der Vegt22 (2004) 106 35 Single 1 (0.9)
Smidt20 (2005) 439 26 Single 2 (0.46)
Jeruss12 (2005) 592 27 Single 1 (0.17)
Zavagno26 (2005) 479 36 Multicenter (5) 0 (0)
Langer14 (2005) 122 42 Single 1 (0.8)
Veronesi23 (2005) 953 38 Single 3 (0.3)
Kokke13 (2005) 113 37 Single 1 (0.9)
Haid10 (2006) 170 47 Single 1 (0.6)
Palesty16 (2006) 335 33 Single 2 (0.6)
Present study 2246 37 Multicenter (25) 27 (1.2)

Published trials including more than 100 patients.

Annals of Surgery • Volume 247, Number 1, January 2008 Axillary Relapse After Sentinel Node Biopsy

© 2008 Lippincott Williams & Wilkins 151

Bergkvist	et	al	,	Ann	Surg	2008;	247:	150-6	

SNB	in	node	nega3ve	disease	

•  Similar	survival	to	ANC	
–  NSABP-B32	(Krag	et	al,	Lancet	Oncology	2010)	
– Milan	(Veronesi	et	al,	Ann	Surg	2010)	
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SNB	in	node	nega3ve	disease	

•  Nega3ve	SNB	requires	no	further	local	
treatment	

•  What	happens	to	the	(~7%)	false	nega3ves?	

Posi3ve	SNB	

Sentinel	Node	Biopsy	

•  Does	the	volume	of	metasta3c	
disease	maier?	
– Macrometastasis	
– Micrometastasis	
–  Isolated	tumour	cells	(ITCs)	

Prognosis	and	volume	of	metasta3c	
disease	

nodes were 92% and 75%, respectively (p < 0.001). LNR > 0.25
was found in 9% of pNmic and 26% in pNmac patients (p <
0.001). T2 tumours were present in 24%, 37% and 47% of
subjects with pN0, pNmic and pNmac disease, respectively

(p < 0.001).

3.2. Kaplan–Meier survival outcomes

Ten-year KM BCSS and OS rates in patients with nodal micro-
metastatic disease were intermediate between node-negative
and macroscopic node-positive disease (Figs. 1 and 2).

Comparisons of 10-yr BCSS and OS stratified by the num-
ber of positive nodes, number of excised nodes and LNR are
summarised in Table 2. Women with pNmic disease experi-
enced progressively lower BCSS and OS with increased num-

ber of positive nodes and with increased LNR. When matched
by the number of positive nodes and by the LNR, BCSS was
similar between pNmic and pNmac cohorts with P4 positive
nodes (p = 0.52) (Fig. 3a) and with LNR > 0.25 (p = 0.95) (Fig. 3b).

Table 1 – Clinical characteristics in the entire Cohort and according to nodal subgroups

Entire Cohort
(N = 62,551) %

pN0
(N = 57,980) %

pNmic
(N = 1818)%

pNmac
(N = 2753)%

P

Age at diagnosis (yr)
<50 26 23 34 34 <0.001
P50 74 77 66 66

Year of diagnosis
1988–1992 49 48 39 48 <0.001
1993–1997 51 52 61 52

Type of surgery
Mastectomy 60 57 63 68 <0.001
Breast conserving surgery 40 43 37 32

Tumour size in cm Median (range)
1.5 (0.3–5.0) 1.5 (0.3–5.0) 1.8 (0.3–5.0) 2.0 (0.3–5.0)

T stage classification
T1 70 76 63 53 <0.001
T2 30 24 37 47

Grade
I 12 13 10 6 <0.001
II 31 31 34 31
III 27 26 33 35
Unknown 30 30 23 28

Oestrogen receptors
Positive 85 85 84 83 0.06
Negative 15 15 16 17

Progesterone receptors
Positive 79 79 80 79 0.43
Negative 21 21 20 21

# Positive nodes
0 74 100 0 0
1–3 18 0 92 75 <0.001
P4 8 0 8 25

# Excised nodes
615 56 58 54 52 <0.001
>15 44 42 46 48

Lymph node ratio
0.01–0.25 0 91 74 <0.001
>0.25 0 9 26

Fig. 1 – Breast cancer-specific survival according to nodal
stage.

1672 E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 1 6 7 0 – 1 6 7 7

OS in pNmic patients was also similar to pNmac patients
when matched by the number of positive nodes (Fig. 4a) and
by the LNR (Fig. 4b).

3.3. Multivariate analysis

On Cox regression analysis (Table 3), pN-based and LNR-based
classifications were significantly prognostic of BCSS and OS.
The survival hazard ratios associated with P4 positive nodes
or LNR > 0.25 were similar in cohorts with micrometastatic
and macrometastatic nodal disease and were approximately
four times greater relative to node-negative disease.

4. Discussion

The survival and therapeutic implication of nodal micrometas-
tases in patients with invasive breast cancer have remained
unclear. The current population-based analysis demonstrated
that, despite being perceived as small volume nodal disease,
nodal micrometastastic disease was associated with signifi-
cantly poorer survival compared to node-negative disease.
Similar to patients with macroscopic nodal involvement, sur-
vival in women with nodal micrometastatic disease progres-
sively declined with escalating number of positive nodes and
ratio of positive to excised nodes. The number of positive nodes

and the LNR were strong prognostic indicators for survival in
women with nodal micrometastatic disease on multivariate
analysis. These findings support the suggestion that both the
absolute number of positive nodes and the LNR be jointly con-
sidered in appraising mortality risks and in treatment deci-
sions for patients with nodal micrometastatic breast cancer.

The AJCC staging system was recently revised, grouping
patients by the absolute number of positive nodes.9 This clas-
sification improved stratification in overall survival,18 but the
confounding effect that the number of excised nodes may
have on the yield of positive nodes and its impact on breast

cancer-specific survival prognostic accuracy and manage-
ment decisions remain unresolved. The LNR may be a more
comprehensive approach to estimate prognosis since it takes
into account the number of excised nodes and may accord-
ingly adjust for differences in nodal staging.10 In a statistical
modelling study of 4387 patients with T1-2, node-positive
breast cancer treated with mastectomy, Vinh-Hung and col-
leagues applied Cox regression models to examine hazard ra-
tios for breast cancer-specific and overall mortality associated
with escalating numbers of positive nodes. The plot of hazard

Fig. 2 – Overall survival according to nodal stage.

Table 2 – Comparisons of 10-year Kaplan–Meier breast cancer-specific survival (BCSS) and overall survival (OS) by the
number of positive nodes, number of excised nodes and lymph node ratio

% 10-year BCSS (standard error) % 10-year OS (standard error)

pN0 pNmic pNmac P pN0 pNmic pNmac P

All patients 91.9 (0.1) 82.3 (1.2) 75.8 (1.0) <0.001 75.7 (0.2) 68.1 (1.4) 62.4 (0.4) <0.001

# Positive nodes
0 91.9 (0.1) – – 75.7 (0.2) – –
1 – 84.7 (1.3) 83.4 (1.4) 0.24 – 70.3 (1.7) 68.9 (1.7) 0.70
2 – 81.8 (2.9) 79.6 (2.0) 0.30 – 71.2 (3.7) 66.2 (2.3) 0.02
3 – 74.0 (5.2) 72.8 (3.2) 0.76 – 58.8 (5.5) 61.2 (3.4) 0.19
P – 0.008 0.004 0.004 0.05
1 – 3 – 83.5 (1.2) 80.5 (1.1) 0.02 – 69.7 (1.5) 66.8 (1.3) 0.10
P 4 – 68.8 (4.8) 62.1 (2.3) 0.52 – 50.9 (5.2) 49.3 (2.2) 0.75
P – 0.0000 0.0000 – <0.001 <0.001

# Excised nodes
615 91.8 (0.2) 82.7 (1.6) 75.9 (1.4) 0.001 73.1 (0.3) 68.0 (2.0) 60.9 (1.6) 0.005
>15 92.1 (0.2) 81.9 (1.7) 75.6 (1.5) 0.002 77.4 (0.3) 68.4 (2.1) 63.6 (1.6) 0.01
P 0.54 0.67 0.70 <0.001 0.55 0.38

Lymph node ratio
0.01–0.25 – 84.1 (1.2) 80.6 (1.1) 0.01 – 70.2 (1.5) 67.1 (1.3) 0.11
>0.25 – 62.6 (5.2) 61.9 (2.3) 0.95 – 46.6 (5.3) 48.5 (2.3) 0.82
P – <0.001 <0.001 – <0.001 <0.001
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SEER database 

Prognosis	and	volume	of	metasta3c	
disease	

Iqbal	J,	et	al.	Breast	Cancer	Res	Treat	(2017)	161:103–115	

SEER	database	
N	=	206,625	

Paradox	

•  Even	low	volume	metasta3c	disease	has	a	
nega3ve	impact	on	prognosis	

•  SNB	has	a	significant	false	nega3ve	rate	but	
this	does	not	influence	prognosis	
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ITCs,	micrometastases	and	prognosis	

•  De	Boer	et	al.	N	Eng	J	Med	2009;	361:	
653-663	
– MIRROR		

•  (Micrometastases	and	Isolated	Tumor	Cells:	
Relevant	and	Robust	or	Rubbish)	

– 2707	pa3ents	with	5	year	follow	up	
– pN0,	pN0(i+)	and	pN1mi	
– With	and	without	adjuvant	therapy	

ITCs	and	micrometastases	and	prognosis	
No	adjuvant	therapy	T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 361;7 nejm.org august 13, 2009658

No Adjuvant Therapy vs. Adjuvant Therapy 
among Node-Positive Patients
The unadjusted 5-year rate of disease-free sur-
vival among women with isolated tumor cells or 
micrometastases who did not receive adjuvant 
therapy was significantly reduced as compared 
with the rate in the node-positive, adjuvant-ther-
apy cohort (76.5% vs. 86.2%, P<0.001) (Fig. 2A). 
Patients with isolated tumor cells who did not 
receive adjuvant therapy had a significantly re-
duced 5-year rate of disease-free survival as com-
pared with women who did receive adjuvant ther-
apy (77.2% vs. 83.0%, P = 0.04) (Fig. 2B). Among 
women with micrometastases, the 5-year rate of 
disease-free survival was significantly reduced in 
the no-adjuvant-therapy cohort as compared with 
the adjuvant-therapy cohort (75.9% vs. 87.9%, 
P<0.001) (Fig. 2C). Within the node-positive, ad-
juvant-therapy cohort, the 5-year rate of disease-
free survival did not differ significantly between 
patients with isolated tumor cells and those with 
micrometastases (83.0% and 87.9%, respectively; 
P = 0.09).

After adjustment for age at diagnosis, tumor 
size, tumor grade, and axillary treatment or no 
axillary treatment, there remained a reduced risk 
of events in the node-positive, adjuvant-therapy 
cohort as compared with the node-positive, no-
adjuvant-therapy cohort (hazard ratio, 0.57; 95% 
CI, 0.45 to 0.73) (Table 3). The hazard ratios were 
similar for patients with isolated tumor cells 
(0.66; 95% CI, 0.46 to 0.95) and those with micro-
metastases (0.50; 95% CI, 0.35 to 0.72) (Table 3). 
Also, age at diagnosis, tumor size, tumor grade, 
and axillary treatment or no axillary treatment 
were associated with the risk of events (Table 3).

In the node-positive, adjuvant-therapy cohort, 
the subgroup of patients who received chemo-
therapy only was small (60 patients), which 
limited statistical analysis according to treat-
ment, though patients who received combined 
chemotherapy and endocrine treatment seemed 
to have the largest benefit, as compared with 
patients in the node-positive, no-adjuvant-therapy 
cohort (adjusted hazard ratio, 0.34; 95% CI, 0.21 
to 0.55). The outcomes according to the type of 
adjuvant systemic therapy are shown in Tables 4 
and 5 in the Supplementary Appendix.
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Figure 1. Disease-free Survival among Patients with Early Breast Cancer 
with or without Isolated Tumor Cells or Micrometastases Who Did Not 
 Receive Systemic Adjuvant Therapy.

Panel A shows disease-free survival among patients with node-negative 
disease and among patients with isolated tumor cells or micrometastases. 
Panel B shows disease-free survival among patients with node-negative dis-
ease, patients with isolated tumor cells, and patients with micrometastases.
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De	Boer	et	al.	N	Eng	J	Med	2009;	361:	653-663	

ITCs	and	micrometastases	and	prognosis	

5	year	DFS	

No	adjuvant	therapy	 Adjuvant	therapy	

pN0	 86%	 N/A	

pN0(i+)	and	pN1mi	 76%	 86%	 P<0.001	

De	Boer	et	al.	N	Eng	J	Med	2009;	361:	653-663	

Paradox	explained	

Even	low	volume	metasta3c	disease	influences	
prognosis	
SNB	has	a	significant	false	nega3ve	rate	
Adjuvant	(systemic)	therapy	abrogates	many	of	
the	prognos3c	implica3ons	of	nodal	metasta3c	
disease	

Trials	of	observa3on	Vs	ANC	in	posi3ve	SNB	

•  IBCSG	23-01	
– ANC	Vs	observa3on	
– cN0	but	micrometastasis	on	SNB	
– Opened	2001,	closed	2010	

•  ACOSOG	Z0011	
– ANC	Vs	observa3on	
– cN0	but	1	or	2	posi3ve	node(s)	on	SNB	
– Opened	1999,	closed	2004	

Target	
•  1960	pa3ents	
•  558	events	
•  70%	DFS	at	5	years	

Actual	
•  934	
•  124	
•  84%	
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Galimber3	et	al.	Lancet	Oncol	2013;	14:297-305	

IBCSG	23-01	 IBCSG	23-01	

•  Median	follow-up	5	years	
– No	difference	in	DFS,	OS,	LRR	
– 13	%	of	ANC	group	had	non-SNB	
metastases	

– >99%	of	pa3ents	received	adjuvant	XRT	
and/or	systemic	therapy	

Z11	

•  American	College	of	Surgeons	Oncology	Group	
(Alliance)	ACOSOG	Z0011	Randomized	Trial	

•  Alpha-numeric	quality	score	
– A	–	Z	with	A	=	best	
– 1	-10	with	1	=	best	
– Hence	quality	score	of	Z11!	

ACOSOG	Z0011		
•  Study	design	

– cT1/2,	cN0	
– Breast	conserva3on	with	breast	XRT	
– 1	or	2	posi3ve	SNBs	
– ANC	Vs	observa3on	
– Overall	survival	as	primary	end-point	
– 500	deaths	required	to	give	90%	power	
to	confirm	non-inferiority	

	

ACOSOG	Z0011		

Target	
•  1900	pa3ents	
•  500	events	
•  80%	OS	at	5	years	

Actual	
•  891	
•  98	
•  92%	



27/11/17 

7 

ACOSOG	Z0011		 ACOSOG	Z0011		
•  Problems	

1.  Overall	survival	not	a	good	1°	endpoint	
2.  Insufficient	pa3ents	(813	vs.	1900)	recruited	to	

show	a	difference	even	if	the	event	rate	had	
been	as	high	as	predicted	

3.  146	(18%)	ineligible	pa3ents		
retained	in	analysis	(33	were		
pN0,	15	had	≥3	posi3ve	nodes		
and	98	were	pNx)	

	

ACOSOG	Z0011		

•  Problems	(contd)	
4.  166	lost	to	follow-up.	
5.  25%	had	no	tumour	grade	
6.  Tangen3al	Field	Irradia3on	treats	the	axilla	and	

51%	received	high	tangents		
•  This	equates	to	full	level	I	axillary	radiotherapy	

7.  15%	received	SCF	XRT	
8.  11%	received	no	XRT	at	all!	

ACOSOG	Z0011	Conclusion	
•  SLNB	was	not	inferior	to	ALND	in	

pa3ents	with	1-2	posi3ve	nodes	
treated	by	BCS,	breast	XRT	and	
systemic	adjuvant	therapy	

– LRR	at	10	years	
•  ANC	–	6.2%	
•  SNB	–	5.3%	

•  Consistent	with	NSABP	B-04	

able models ranged from 0.84 to 0.89
(Table 3), all similar to the unadjusted
rateof0.82.Locoregional recurrenceand
its correlates have been previously
reported.31 The5-yearratesof local recur-
rence were 1.6% (95% CI, 0.7%-3.3%)
in theSLND-alonegroupand3.1%(95%
CI, 1.7%-5.2%) in the ALND group
(P=.11). Locoregional recurrence–free
survival at 5 years was 96.7% (95% CI,
94.7%-98.6%) in the SLND-alone group
and95.7%(95%CI,93.6%-97.9%) in the
ALND group (P=.28).

Surgical Morbidities
Paresthesias, shoulder pain, weakness,
lymphedema, and axillary web syn-
drome are recognized morbidities of
ALND.7-9 As previously reported,10 the
rate of wound infections, axillary sero-
mas, and paresthesias among patients in
the Z0011 trial was higher for the ALND
group than for the SLND-alone group
(70% vs 25%, P!.001). Lymphedema in
the ALND group was significantly more
common by subjective report (P! .001)
and also tended to be higher by objec-
tive assessment of arm circumference.
These findings are in accordance with
other randomized comparisons of SLND
with vs without ALND.32,33

COMMENT
In the American College of Surgeons
Oncology Group Z0011 randomized
trial, ALND did not significantly affect
overall or disease-free survival of
patients with clinical T1-T2 breast can-
cer and a positive SLN who were treated
with lumpectomy, adjuvant systemic
therapy, and tangential-field whole-
breast radiation therapy. These sur-
vival findings are consistent with those
of the National Surgical Adjuvant Breast
and Bowel Project B04 trial, in which
women with clinically negative nodes
were randomized to treatment by radi-
cal mastectomy, total mastectomy plus
nodal irradiation, or total mastectomy
with delayed ALND if nodal recur-
rence was observed.4 Initially and at
each interim analysis for up to 25 years
of follow-up, no statistically signifi-
cant survival differences were observed
between any of the groups. For patients
treated in the modern era, the rel-
evance of the B04 study, which included
patients with larger tumors undergo-
ing mastectomy without adjuvant sys-
temic therapy, is uncertain, because an
axillary recurrence after SLND in
patients with a lower risk of death from
distant disease might negatively affect

survival.The findings fromZ0011docu-
ment the high rate of locoregional con-
trol achieved with modern multimo-
dality therapy, even without ALND.

In contrast to B04, in which about 40%
of patients in the radical mastectomy
group were node-positive and the same
number in the total mastectomy group
were assumed to be node-positive and
5-year overall survival was only about
60%, 100% of patients in Z0011 had
nodal involvement; yet the 5-year over-

Figure 3. Hazard Ratios Comparing Overall
Survival Between the ALND and SLND-Alone
Groups

1.0 1.30.5

Unadjusted

Adjusted

Hazard Ratio (90% CI)
for Overall Survival

2.0

Favors
SLND Alone

Favors
ALND

Blue dashed line at hazard ratio=1.3 indicates non-
inferiority margin; blue-tinted region to the left of haz-
ard ratio=1.3 indicates values for which SLND alone
would be considered noninferior to SLND plus ALND.
ALND indicates axillary lymph node dissection; CI, con-
fidence interval; SLND, sentinel lymph node dissection.

Table 2. Adjusted Hazard Ratios for Overall Survival Comparing SLND-Alone vs ALND Groups

Model Variables

No.
Adjusted HR

(90% CI)
Noninferiority

P ValuePatients Events
Treatment group (SLND alone vs ALND), age ("50 vs #50 y),

adjuvantly treated (yes vs no)
839 92 0.87 (0.62-1.23) .03

Variables in row 1 $ primary tumor size (per 1 cm, continuous) 818 92 0.89 (0.62-1.25) .03
Variables in row 1 $ estrogen receptor status (negative vs positive) 778 87 0.92 (0.64-1.30) .05
Variables in row 1 $ modified Bloom-Richardson score (1 vs 2 vs 3) 839 92 0.86 (0.61-1.21) .02
Variables in row 1 $ tumor type (ductal vs lobular vs other) 839 92 0.88 (0.63-1.25) .03
Abbreviations: ALND, axillary lymph node dissection; CI, confidence interval; HR, hazard ratio; SLND, sentinel lymph node dissection.

Table 3. Adjusted Hazard Ratios for Disease-Free Survival Comparing SLND-Alone vs ALND Groups

Model Variables

No.
Adjusted HR

(95% CI) P ValuePatients Events
Treatment group (SLND alone vs ALND), age ("50 vs #50 y),

adjuvantly treated (yes vs no)
839 127 0.88 (0.62-1.25) .47

Variables in row 1 $ primary tumor size (per 1 cm, continuous) 818 125 0.86 (0.60-1.22) .40
Variables in row 1 $ estrogen receptor status (negative vs positive) 778 117 0.84 (0.58-1.20) .33
Variables in row 1 $ modified Bloom-Richardson score (1 vs 2 vs 3) 839 127 0.87 (0.61-1.23) .43
Variables in row 1 $ tumor type (ductal vs lobular vs other) 839 127 0.89 (0.62-1.27) .52
Abbreviations: ALND, axillary lymph node dissection; CI, confidence interval; HR, hazard ratio; SLND, sentinel lymph node dissection.

SENTINEL NODE DISSECTION IN INVASIVE BREAST CANCER
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TNM	8	
•  ITCs	

– “Single	tumour	cells	or	small	clusters	of	cells	not	
more	than	200μm	in	greatest	extent	that	can	be	
detected	by	rou3ne	H&E	sa3ns	or	IHC”	

– “Cluster	fewer	than	200	cells	in	a	single	
histological	cross	sec3on”	

– Nodes	containing	ITCs	only	are	excluded	from	the	
posi3ve	node	count	but	included	in	the	total	
number	evaluated	

•  pN0(i+)	
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TNM	8	

•  Micrometastases	
– Metastases	larger	than	200μm	and/or	more	
than	200	cells	but	none	larger	than	2.0mm	

•  pN1mi	

TNM	8	

•  Macrometastases	
– Metastases	larger	than	2.0mm	

•  pN1-3	

TNM	7	Vs	8	

TNM	7	
•  pNX	
•  pN0	
•  pN0(i+)	
•  pN1	

–  pN1mi	
–  pN1a	
–  pN1b	
–  pN1c	

TNM	8	
•  Unchanged	
•  Unchanged	
•  Unchanged	
•  Unchanged	

–  Unchanged	
–  Unchanged	
–  Changed	
–  Changed	

TNM	7	Vs	8	

TNM	7	
•  pN2	

–  pN2a	
–  pN2b	

•  pN3	
–  pN3a	
–  pN3b	
–  pN3c	

TNM	8	
•  Unchanged	

–  Unchanged	
–  Unchanged	

•  Unchanged	
–  Unchanged	
–  Unchanged	
–  Unchanged	
	

TNM	7	Vs	8	
TNM	7	

•  pN1	
–  Macro	or	micrometastases	in	1-3	

axillary	nodes	and/or	internal	
mammary	nodes	

–  pN1mi	
•  Micrometastases	

–  pN1a	
•  Metastasis	in	1-3	nodes;	at	least	1	

larger	than	2.0mm	
–  pN1b	

•  Internal	mammary	nodes	with	
micro-	or	macrometastases	detected	
by	SLNB	

–  pN1c	
•  Metastasis	in	1-3	axillary	nodes	and	

internal	mammary	nodes	

TNM	8	
•  pN1	

–  Macro	or	micrometastases	in	1-3	
axillary	nodes	and/or	internal	
mammary	nodes	

–  pN1mi	
•  Micrometastases	

–  pN1a	
•  Metastasis	in	1-3	nodes;	at	least	1	

larger	than	2.0mm	
–  pN1b	

•  Internal	mammary	nodes		

–  pN1c	
•  Metastasis	in	1-3	axillary	nodes	

and	internal	mammary	nodes	

	

Lymph	Node	Assessment	

•  All	nodes	treated	in	the	same	
way	
–  Grossly	involved	

•  1	representa3ve	sec3on	
–  Not	grossly	involved	

•  Process	en3re	node	
•  Cut	at	≤	2mm	and	embed	non-opposing	faces	
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Pathology evaluation of sentinel lymph nodes
in breast cancer: protocol recommendations
and rationale

Donald L Weaver1,2,3

1Department of Pathology, University of Vermont College of Medicine, Burlington, VT, USA; 2Vermont Cancer

Center, Burlington, VT, USA and 3Fletcher Allen Health Care, Burlington, VT, USA

Sentinel lymph nodes (SLN) are more likely to contain metastatic breast carcinoma than non-SLNs. The limited
number of SLNs compared with an axillary dissection has prompted more comprehensive lymph node analysis
increasing detection of micrometastases. National data show that many women previously classified node
negative are now classified minimally node positive. As a result, our nodal classification and cancer staging
have evolved to recognize the continuum of nodal tumor burden rather than a simplistic dichotomous
stratification. It is quite clear that the more sections we evaluate from SLNs the more metastases we identify;
however, it is impractical to expect the practicing pathologist to mount, stain, and microscopically examine
every section through the SLN paraffin blocks. Despite recommendations from the College of American
Pathologists and the American Society of Clinical Oncology, heterogeneity in the approach to SLN evaluation
exists. What is needed is adherence to a standardized evaluation protocol. The most important aspect of the
sentinel node examination is careful attention to slicing the SLN no thicker than 2.0 mm and correct embedding
of the slices to assure we identify all macrometastases larger than 2.0 mm. A single section from blocks
prepared in this manner will identify all macrometastases present but smaller metastases will be missed. The
prognostic significance of these missed micrometastases is still being evaluated as we await SLN outcome
studies. In the context of the new molecular classification of breast cancer, subgroups may be identified where
detection of micrometastases has clinical significance. It is critical that both clinicians and pathologists
understand there is a random component to micrometastasis distribution within the three-dimensional paraffin
tissue blocks. If we ultimately adopt more comprehensive microscopic evaluation of SLNs, the candidate
sampling strategies need to be carefully considered in the context of statistically valid sampling strategies.
Modern Pathology (2010) 23, S26–S32; doi:10.1038/modpathol.2010.36

Keywords: breast cancer; sentinel lymph nodes; micrometastases; evaluation; standards; protocols

In 1993 a pilot series of sentinel lymph node (SLN)
biopsies in breast cancer patients was published
where the SLN was identified using a hand held
gamma probe after injection of a radioisotope tracer
around the breast tumor.1 This made it possible to
identify the location of the sentinel node before skin
incision and use the probe to guide surgery. This
new technique complemented sentinel node biopsy
research using vital blue dyes that was being
investigated particularly in melanoma but also in
breast cancer. The sentinel node biopsy technique

for breast cancer rapidly diffused throughout the
surgical community. Sentinel nodes were more
likely to contain metastases, if they were present,
and occult metastases deeper in paraffin blocks were
more likely to be identified in SLNs than non-SLNs.2

The occult metastasis investigation was initially
applied as a ‘proof of principle’ but was also viewed
as a mechanism to more accurately stage breast
cancer patients, reopening a Pandora’s box from the
1940s. It has been difficult to reach consensus on
SLN standardization because reference outcome
studies in breast cancer often take decades, espe-
cially in subgroups with more favorable prognoses, a
group the majority of sentinel node patients repre-
sent. In fact, we have observed our node positive
rate in sentinel nodes decrease from 26 to 15% over
the last decade as ultrasound screening with fineReceived 11 January 2010; accepted 11 January 2010

Correspondence: Dr DL Weaver, MD, Department of Pathology,
University of Vermont College of Medicine, Given Courtyard, 89
Beaumont Avenue, Burlington, VT 05405-0068, USA.
E-mail: donald.weaver@vtmednet.org

Modern Pathology (2010) 23, S26–S32

S26 & 2010 USCAP, Inc. All rights reserved 0893-3952/10 $32.00

www.modernpathology.org

statistical outcome analyses of ITCs and microme-
tastases, particularly for small studies, making it
difficult to show differences in outcome for the two
groups. Moving away from dichotomous concepts
such as ‘node positive’ and ‘node negative’ and
embracing the continuum of semi-quantitative nodal
tumor burden is in the best interest of our patients
regardless of these limitations. We know that
increasing numbers of positive lymph nodes confer
a worse prognosis10 and conversely that decreased
metastatic tumor volume is associated with im-
proved outcome. This concept can intuitively be
extended to micrometastatic tumor burden where
the predicted prognostic impact should be some-
where between a patient with negative nodes and
one with a single node positive; a common sense test
we should apply to prognostic analyses of SLN
outcomes. Nodal tumor burden is a continuum from
a single cell to bulky palpable disease and prognosis
should follow tumor burden when all other intrinsic
biologic factors are equal.

In several respects, detecting nodal metastases is
similar to trawling for fish: the size of the net will
largely determine the size of the fish. In the case of
sentinel nodes, the size of the net is determined
by the thickness of unexamined tissue. In 1971,
Huvos et al11 showed that patients with metastases
no larger than 2.0 mm had similar survival to
patients with negative nodes. This concept was
incorporated into the Manual for Staging Cancer
and the dividing line between micrometastases and
macrometastases was set. There is virtually uniform
international agreement that the first net we cast
when looking for nodal metastases is 2.0 mm. In
other words, historical precedent and outcome
evidence indicate that we do not want to miss
metastases larger than 2.0 mm. How do we accom-
plish this seemingly simple task? First, we must
inspect the node and any adherent fat. If any
dimension is larger than 2.0 mm, the node must be
sectioned. Most lymph nodes take the form of an
asymmetric ellipsoid, or are bean shaped, with one
long axis and two shorter axes. We recommend
cutting the node parallel to the longest axis even
though this is harder than sectioning perpendicular
to this axis. Cutting parallel to the long axis
produces fewer 2.0 mm slices to examine and there
is old anatomic data that suggest afferent lymphatics
are more likely to enter the node in this plane. Thus,
the number of afferent lymphatic junctions with the
subcapsular sinus may be increased when the
sections are in the same plane as the two ‘faces’ of
a bean-shaped node. In reality, it is often difficult to
discern this microanatomy. What is important is
assuring that no slice is thicker than 2.0 mm. This is
such a fundamental concept that it bears emphasis:
the single most important advancement in breast
cancer staging and pathologic assessment of axillary
lymph nodes attributable to SLN biopsy is thin
slicing prior to embedding and the high likelihood of
detecting all metastases larger than 2.0 mm. This

principle is relevant regardless of whether the
pathologist is examining a full axillary dissection,
an axillary sampling, or a well executed sentinel
node biopsy. In our institution, and in many others,
thin sectioning of nodes has trickled into all node
evaluations in the surgical pathology suite including
evaluation of colectomy specimens, pelvic node
dissections, head and neck dissections, and any
other oncologic specimen with node evaluation. I
was first taught this technique as a pathology
resident evaluating nodes for malignant lymphoma
where the goal was superb fixation.

The capsular relaxation induced by bisecting
nodes will often be sufficient to produce 2.0 mm
sections. In this situation, the two opposing cut
faces should be placed down in the tissue proces-
sing cassette and full face sections should be
examined microscopically. Histology technicians
are taught to cut from the surface placed down in
the cassette. When a node is trisected, the two end
pieces should be placed cut surface down; the
middle section is placed randomly unless gross
examination identifies a suspicious lesion and then
this is placed down in the cassette. When more than
three sections are submitted, the middle sections
must be carefully placed in the cassette so that two
opposing faces are not placed down in such a
manner that microscopic sections are more than
2.0 mm apart (Figure 1). All pathology laboratories

Correct

Correct

Incorrect

Place surface to cut down in cassette

Figure 1 Gross sectioning and embedding of sentinel nodes. The
primary objective of the gross management of sentinel nodes is
assuring that all macrometastases larger than 2.0 mm are identi-
fied microscopically by assuring no slice is thicker than 2.0 mm
before embedding in paraffin. When nodes are serially sectioned,
special care must be taken to place the sections into the
embedding cassette in a manner that eliminates more than
2.0 mm of unexamined tissue. Histology technicians are taught
to embed and cut the surface that is placed down in the tissue-
processing cassette. Dashed lines represent the surface placed
down in the cassette. (a and b) Central serial sections are placed
in the cassette so that nonopposing surfaces are examined
microscopically. One of the end sections will be an opposing
surface. (c) This shows incorrect grossing and embedding
preparation. The central serial sections were placed in the
cassette so that neither surface containing the micrometastasis
was evaluated microscopically.

Sentinel lymph node evaluation

S28 DL Weaver
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used, we expect slightly larger clusters would be
missed, probably as large as 0.2 mm. This further
complicates the practical and applied clinical
significance of tumor clusters smaller than 0.1 mm
(100 mm) or 0.2 mm (200 mm). Although prognostic
impact estimates can be calculated for a large group
of patients with detected metastatic deposits in this
size range, the estimates will be inaccurate for an
individual because many of the reference patients
would have been incorrectly classified as ‘node
negative’ and would have been excluded from the
calculation or would in reality have micrometas-
tases because we failed to detect the largest diameter
of the metastasis. In other words, because there is a
random component to detecting ITCs, the expected
outcome for an individual patient with ITCs de-
tected would be somewhere between calculated
outcome estimates for ‘node negative’ patients and
patients with ITCs or micrometastases detected.

In another quality assurance project, we examined
the empiric detection rates for ITCs and microme-
tastases using several different paraffin block sam-
pling protocols compared to a comprehensive
sectioning protocol where one microscopic section
was evaluated every 0.18 mm (180 mm) until the
lymph node tissue block was exhausted.12 It is no
surprise that the most comprehensive protocol
detects the most tumor deposits; however, this has
significant economic implications with respect to
health-care dollars spent manufacturing the slides
and pathologist time screening the slides. For less
comprehensive sampling strategies, the best perfor-
mance is observed when the microscopic sections
examined are widely spaced; a strategy that max-
imizes detection of larger metastatic deposits at the
expense of missing smaller deposits (Figure 3). The
protocol with the worst performance examined
several sections with narrow spacing (180 mm)
between each section. As expected, this study also
showed that micrometastases (larger than 0.2 mm)
would be misclassified as ITCs for any sectioning
protocol with spacing between levels more than
0.2 mm. For example, compared to the comprehen-
sive protocol with sections examined through the
block every 0.18 mm, examining three levels with
0.5 mm spacing between each level under classified
22% of cases with micrometastases. This observa-
tion clearly shows why it will be difficult to evaluate
prognostic differences between ITCs and microme-
tastases except in studies with very large numbers of
patients and sufficient statistical power. To accom-
plish this task, we would need a standardized
comprehensive evaluation protocol (for example,
levels through the block at 0.1 mm spacing), accu-
rate assessment of primary tumor prognostic vari-
ables, and long-term follow-up. To perform the
appropriate subset analyses (tumor size, grade,
hormone receptor status, Her2 status) we would
need tens of thousands of patients followed for at
least 10 years. This exceeds the expectations of a
clinical trial and could only be accomplished in a

population-based observational database where the
inherent variability in data quality would increase
the number of patients necessary to achieve statis-
tical power. In the interest of our patients, our
energy will probably be better spent focusing on a
less comprehensive but statistically valid sampling
of sentinel node paraffin blocks, standardizing the
evaluation protocol nationally or even internation-
ally, standardizing nodal classification, and then
evaluating outcome at some point in the future
through population-based registries or national
cancer databases.

Standard recommendation

In summary, only one standard protocol for evaluat-
ing SLNs can be supported and endorsed based on
evidence, albeit old evidence, at this time. Thin
sectioning of nodes at 2.0 mm intervals, embedding
all sections, and examining one section from the
surface of the block is a strategy designed to detect
all metastases larger than 2.0 mm. The resulting
metastases can then be placed into statistically
stratified groups such as those defined by AJCC
and UICC. This strategy is recommended by the
College of American Pathologists and the American
Society of Clinical Oncology.15,16 It is recognized
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Reference (all initial sections negative)

Total (%)ITC (%)Micromet (%)Evaluation Protocol

Rates of occult metastases deeper in SLN paraffin blocks

Figure 3 Performance of various microscopic sectioning proto-
cols for detecting occult micrometastases. (a–e) All SLNs were
grossly sectioned at close to 2.0 mm thick sections. (a) The
reference protocol examined one section from the top of the block.
All cases with negative initial sections were evaluated with
protocol (e); protocols (b–d) were simulated by examining only
specific sections from protocol (e). Detection rates for micro-
metastases 40.2 mm and no larger than 2.0 mm (Micromet) and
ITCs no larger than 0.2 mm (ITC) were calculated for each
protocol. (b) Two additional sections separated by 0.18 mm.
(c) Two additional sections separated by 0.5 mm. (d) Four
additional sections separated by 0.5 mm. (e) Multiple additional
sections separated by 0.18 mm completely through the block
(median 11 sections per block). Only protocol (e) can reliably
detect all micrometastases present but will still miss ITCs. The
maximum size of missed metastases is dependent on the
thickness of tissue not examined between each section or
remaining in the block. Protocols (c) and (d) are compromise
protocols that perform better than protocol (b) and do not perform
as well as protocol (e) but are less expensive and less time
consuming than protocol (e). (Data adapted from Ref. 12).
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Postopera3ve	Lymph	Node	Assessment	

•  All	nodes	treated	in	the	same	
way	
–  Grossly	involved	

•  1	representa3ve	sec3on	
–  Not	grossly	involved	

•  Process	en3re	node	
•  Cut	at	≤	2mm	and	embed	non-opposing	faces	
•  H&E	+/-	deeper	levels	+/-	IHC	only	to	characterise	suspicious	cells	
and	determine	the	maximum	size	of	deposit(s)	

Lymph	Node	Assessment	

•  Measure	maximum	size	of	metastasis	and	
categorize	as	per	TNM	

•  Report	each	specimen	separately	
– Number	of	posi3ve	nodes	
– Total	number	of	nodes	received	

2.1mm	

2.1mm	
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Metasta3c	Volume	

•  1	metastasis	2.1mm	diameter	
– 4.8mm3	volume	

•  2	metastases	each	1.05mm	diameter	
– 1.2mm3	volume	

TNM	8	

•  General	rule	4	
– “If	there	is	doubt	concerning	the	correct	T,	N,	or	
M	category	to	which	a	par3cular	case	should	be	
alloied,	then	the	lower	(i.e.,	less	advanced)	
category	should	be	chosen.”	
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AJCC	Cancer	Staging	Manual	8th	Ed	
•  Classical	LCIS	

•  Pleomorphic	LCIS	

Baile	of	the	8th	edi3ons’	
nomenclatures	

UICC	

•  Stage	
–  Anatomical	extent	of	disease	

•  Prognos3c	Group	
–  Classifica3ons	incorpora3ng	

other	prognos3c	factors	

AJCC	

•  Anatomic	Stage	Group	
–  Anatomical	extent	of	disease	

•  Prognos3c	Stage	Group	
–  Anatomic	+	Grade	+	HER2,	ER,	

PgR,	mul3-gene	assays	

Prognos3c	Tools		

•  No~ngham	Prognos3c	Index	(NPI)	
– T,	N	&	grade	

•  Adjuvant!	online	
– Currently	offline!	
– T,	N,	grade,	ER,	age	

•  Predict	
– Age,	method	of	detec3on,	T,	N,	grade,	
ER,	HER2,	Ki67	

Conclusions	
1.  Nodal	staging	in	breast	cancer	is	essen3al	
2.  Pathological	assessment	must	iden3fy	all	

macrometastases	and	correctly	classify	
smaller	volume	deposits	

3.  Do	not	add	together	the	diameters	of	
mul3ple	deposits	(if	in	doubt,	err	on	the	side	
of	the	lower	stage)	

4.  Z11	does	not	cons3tute	good	evidence	
5.  Enter	pa3ents	into	POSNOC	


