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Abstract

Aim: Sentinel lymph node biopsy (SLNB) without completion axillary lymph node dissection (ALND) is replacing ALND as the axillary
staging procedure of choice in breast cancer patients with a clinically negative axilla even though it is unclear whether this influences pa-
tient survival. Our aim was to compare the survival of breast cancer patients with a negative SLNB without completion ALND to that of
extensive ALND-negative patients.
Methods: Eindhoven Cancer Registry data on breast cancer patients diagnosed between 1989 and 2002 with follow-up to 1 January 2005
was used. Survival was compared between 880 SLNB-negative women (median follow-up 3.6 years) without completion ALND and 1681
ALND-negative women (median follow-up 7.7 years) with at least 10 axillary nodes removed. Conclusions were made after correcting for
age, tumour size, tumour location, tumour histology, tumour grade, mitotic activity index (MAI), hormone receptor status, and local and
systemic treatment in uni- and multivariate analyses.
Results: Crude 5-year survival rates were 85% for ALND-negative and 89% for SLNB-negative breast cancer patients ( p ¼ 0.026). After
correction for potential confounders in a multivariate Cox regression analyses, the hazard ratio for overall mortality of ALND-negative
compared to SLNB-negative patients without completion ALND was 1.23 (95% confidence interval: 0.93e1.64).
Conclusion: Survival after a SLNB without completion ALND is at least equivalent to after an extensive ALND in node-negative breast
cancer patients. This means that the SLNB only can safely replace ALND as the procedure of choice for axillary staging in breast cancer
patients with a clinically negative axilla.
� 2006 Elsevier Ltd. All rights reserved.
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Introduction

The axillary lymph node status has independent prognos-
tic value in staging breast cancer patients.1 During the past
decade, a paradigm shift has occurred in axillary staging,
from a standard complete axillary lymph node dissection
(ALND) for every patient with breast cancer to a sentinel
lymph node biopsy (SLNB) in the group of patients with
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a clinically negative axilla. This change has been motivated
by the high morbidity of the ALND procedure.2e4

The sentinel node is defined as ‘‘the first lymph node to
receive lymphatic drainage from a primary tumour’’.5 If this
sentinel lymph node, sometimes physically consisting of
more than one lymph node, contains no metastatic tumour,
then it is unlikely other lymph nodes will contain metastasis.5

In breast cancer this means that when a SLNB contains no
metastasis, it is unnecessary to perform a completion ALND.

When the SLNB does contain metastasis, a completion
ALND is recommended in order to further stage the axilla
and to maintain local control. A false-negative SLNB pro-
cedure will result in omitting an ALND and possibly in

mailto:gert.kuijt@skynet.be
http://www.ejso.com


833G.P. Kuijt et al. / EJSO 33 (2007) 832e837
under staging the disease, then resulting in the withholding
of adjuvant systemic therapy and inferior prognosis.

To avoid false-negative procedures, the introduction of
the SLNB has been accompanied by multiple validation
studies. Initial studies focused on feasibility issues includ-
ing performing a completion ALND after SLNB in a single
session as proof of performance.6 More recently SLNB-
negative patient series reporting axillary recurrence have
been published.7e10 These studies show that the SLNB is
reliable in detecting axillary metastasis and that it has
a low axillary recurrence rate. Before SLNB is completely
accepted as the procedure of choice in the staging of clin-
ically node-negative breast cancer patients, survival after
both procedures must be compared, especially since
a meta-analysis has shown that ALND in itself increases
survival in clinically node-negative breast cancer patients.11

The aim of this study was to confirm the validity of the
SLNB by comparing the survival rate of breast cancer pa-
tients with negative lymph node following SLNB without
completion ALND to the survival rate of breast cancer pa-
tients with negative lymph nodes following an extensive
ALND. The hypothesis is that survival following a SLNB
is at least equivalent to survival following an adequate
ALND. This would constitute definitive evidence that the
SLNB can safely replace ALND as the gold standard for
axillary staging in breast cancer patients with a clinically
negative axilla.

Patients and methods

Patient selection

Patient data were retrieved from the Eastern area of the
population-based Eindhoven Cancer Registry12 serving
a population of one million inhabitants in the south-eastern
Netherlands. Trained registry clerks collected data from
hospital records in 10 hospitals, consisting of large non-
university teaching hospitals as well as community hospitals,
and from two radiotherapy departments. Collected data is
continually internally monitored for completeness and
accuracy.12

Patients were selected from those registered with breast
cancer in the period 1989e2002. A SLNB group was defined
as those patients having undergone a negative SLNB without
further ALND. The ALND group was defined as those pa-
tients having undergone a negative ALND where 10 or
more lymph nodes were found at pathological investigation.
The choice of defining an extensive ALND as containing 10
or more lymph nodes was made to minimize the risk of erro-
neous classification of the axilla.13,14

Treatment guidelines

The regional Breast Cancer Study Group has been re-
sponsible for the development of multidisciplinary guide-
lines for the management of breast cancer since 1978.
Surgical treatment during the study period consisted of
primary tumour resection via lumpectomy or mammary ab-
lation as well as axillary staging. Complete axillary dissec-
tion was recommended for all patients with resectable
breast cancer. The borders of the dissection were the latis-
simus dorsi muscle (dorsal), the thoracic wall (medial),
the pectoral muscles (ventral), and the lower border of the
axillary vein (cranial). The SLNB was introduced in the
registry region in 1995, starting with validation studies
including subsequent axillary dissection.6 In 1997, sur-
geons in three of the 10 hospitals started performing
SLNB procedures in clinically node-negative patients as
a routine staging procedure without completion ALND in
cases with a negative sentinel node, and since 2002 is has
been routinely performed in all hospitals. Lymphatic map-
ping included the use of both radioactive lymphoscintigraphy
and blue dye.15

The axillary lymph nodes in the ALND group were eval-
uated histologically with haematoxylin and eosin (H&E)
stains of one or two sections. Analysis of the sentinel
lymph nodes additionally included serial sectioning and
immuno-histochemical staining if no metastasis was found
on the H&E stain. All patients were staged according to the
Tumour-Node-Metastasis (TNM) classification system of
the International Union Against Cancer.

Until 2000, adjuvant hormone or chemotherapy treatment
was only recommended for axillary node-positive patients.
Since 2000, guidelines have evolved to also recommend
systemic treatment to selective node-negative patients de-
pending on additional factors other than the lymph node
status, such as the size and the histological grade of the tu-
mour and the steroid receptor status.16 In the present study
population of lymph node-negative breast cancer patients,
radiotherapy was mostly applied to the breast in the context
of breast conserving treatment although sporadically other
indications existed.

Data available for analysis

The following data for each patient were available for
analysis: period of diagnosis, age at diagnosis, tumour
size defined at pathological evaluation, tumour location, tu-
mour histology, tumour grade, mitotic activity index (MAI),
oestrogen and progesterone receptor status, treatment of the
primary tumour, and whether or not systemic therapy was
administered. The MAI is a standardized method of assess-
ing the mitotic count of a tumour and is defined as the sum
of mitoses in 10 high-power microscope fields, equivalent
to a surface area of 1.59 mm2, at the periphery of the tu-
mour.17 The mitotic count is considered the most predictive
component of the histological grade.

Follow-up was completed through January 1, 2005, and
was obtained from municipal registries and the Central
Bureau for Genealogy. The latter is an institution that col-
lects data on all deceased Dutch citizens via all municipal
registries. This way, information on patients who had moved



834 G.P. Kuijt et al. / EJSO 33 (2007) 832e837
outside the registry area was also obtained. Patients who
died outside the Netherlands were wrongly considered as
‘‘being alive’’. The estimated proportion of these patients
was approximately 0.3%.

Statistical analysis

Statistical analyses were performed using SAS (version
9.1 for Windows, SAS institute Inc., Cary, NC). Differences
in patient characteristics between those with SLNB without
completion ALND and those with ALND were tested by
means of chi-square statistics. Survival analysis was carried
out using the KaplaneMeier method to evaluate the prog-
nosis after the diagnosis of breast cancer. Survival time
was defined as the period between the date of diagnosis
and the date of death or last follow-up. Patients with incom-
plete follow-up were censored at the date of last follow-up.
The overall survival of patients with node-negative breast
cancer following a sentinel node procedure was compared
with the survival rates of patients with 10 or more
tumour-negative lymph nodes following axillary lymph
node dissection. The survival curves were compared by
means of the two-tailed log-rank test.

Univariate analysis were performed to assess the rela-
tionship of overall survival to the following variables: axil-
lary staging procedure, period of diagnosis, age at diagnosis,
tumour size, tumour location, tumour histology, tumour
grade, MAI, oestrogen and progesterone receptor status,
tumour treatment, and whether or not systemic therapy
was given.

Multivariate Cox proportional hazards regression analy-
ses were carried out to adjust for potential confounding
effects. Co-variates found to be significant in the univariate
analysis were analyzed with respect to the relationship
between mortality risk and the axillary staging procedure
performed. Period of diagnosis was excluded in the multi-
variate analysis because it was estimated that including
period of diagnosis would overcorrect for the variable
‘‘axillary staging procedure’’. Hazard ratios (HR) with
95% confidence intervals (95% CI) and p values were esti-
mated with respect to the reference category for each
covariate.

Results

There were 7974 patients documented as having had
breast cancer between 1989 and 2002. This study compared
the 880 of these patients having undergone a SNLB proce-
dure without completion ALND to the 1681 patients having
undergone an ALND where 10 or more lymph nodes were
found at pathological examination. The remaining patients
were excluded: 2869 were node positive; 754 lacked infor-
mation on the number of lymph nodes; and 1790 patients
were reported as having less than 10 lymph nodes found
at pathological examination.
Demographic and clinical characteristics are presented
in Table 1. Age at diagnosis and tumour histology were
comparable in both groups while all other parameters
were significantly different. The patients who underwent
SLNB without completion ALND were more likely to

Table 1

General characteristics of patients with lymph node-negative breast cancer

according to number of lymph nodes (n ¼ 2561)

Axillary staging procedure

SLNB ALND, �10 nodes examined c2-test

n ¼ 880 n ¼ 1681 p value

Period of diagnosis

1989e1993 0 487

1994e1998 64 889

1999e2002 816 305 <0.0001

Age (years)

<50 219 439

50e69 470 859

70þ 191 383 0.54

Tumour size (pT)

T1 671 1077

T2 178 480

T3 4 21

T4 13 51

Unknown 14 52 <0.0001

Tumour location

Lateral 451 774

Medial/central 219 442

Overlapping 186 431

Missing 24 34 0.02

Tumour histology

Ductal 654 1252

Lobular mixed 158 296

Mucinous 49 110

Other 19 23 0.37

Tumour grade

1 166 137

2 224 360

3 142 251

Missing 348 933 <0.0001

MAI

<10 608 354

�10 149 147

Missing 123 1180 <0.0001

ER

Positive 610 849

Negative 122 297

Missing 148 535 <0.0001

PR

Positive 471 625

Negative 156 331

Missing 253 725 <0.0001

Tumour treatment

BCS þ RT 697 938

BCS � RT 41 33

Mastectomy � RT 131 583

Other 11 127 <0.0001

Systemic therapy

No 661 1531

Yes 219 150 <0.0001

MAI, mitotic activity index; ER, oestrogen receptor; PR, progesterone

receptor; BCS, breast conserving surgery; RT, radiotherapy.
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have small tumours, laterally located tumours, well differ-
entiated tumours and hormone receptor positive tumours,
and were more likely to have had breast conserving treat-
ment and systemic therapy than the patients in the ALND
group.

Crude 5-year survival rates were 85% for ALND-
negative and 89% for SLNB-negative breast cancer patients
( p ¼ 0.026) (Fig. 1).

Univariate analysis showed a significant survival disad-
vantage for the ALND group compared to the SLNB with-
out completion ALND group, hazard ratio 1.37 (95% CI:
1.04e1.80) (Table 2). Other variables in univariate analysis
significantly associated with an increased hazard ratio were
the earlier periods of diagnosis, older age (70þ) at diagno-
sis, increasing tumour size, higher tumour grade, mucinous
tumour histology, and not having had radiotherapy.

After adjustment for age, tumour size, tumour histology,
tumour grade, and local tumour treatment in multivariate
Cox-regression analyses, the hazard ratio for ALND-
negative versus SLNB-negative patients without comple-
tion ALND was: 1.23 (95% CI:0.93e1.64) (Table 2). Other
variables independently associated with an increased haz-
ard ratio were age at diagnosis (70þ vs. <50: HR 3.18;
CI 2.45e4.11), tumour size (>2e5 cm vs. �2 cm: HR
1.47; CI 1.20e1.80), tumour grade (poorly vs. well differ-
entiated: HR 1.74; CI 1.14e2.67), and breast conserving
treatment without versus with radiotherapy (HR 1.74;
CI 1.03e2.95) (Table 2).

Discussion

Main message

In this population-based study, the overall survival of
breast cancer patients undergoing SLNB without comple-
tion ALND was better than that of patients undergoing an
extensive ALND where at least 10 lymph nodes were re-
moved. However, this survival advantage disappeared after

Figure 1. Overall survival of lymph node-negative breast cancer patients

according to either SN procedure or 10 or more lymph nodes examined.
accounting for known prognostic factors in multivariate
analysis. The conclusion is that survival was similar be-
tween the two groups.

The introduction of a new procedure in medicine is
rightly only accepted after proof that it works and that it
is safe to use it. That the SLNB procedure, including lym-
phatic mapping, surgery, and pathological analysis, works
in detecting axillary lymph node metastasis has been well
evaluated.18 That it does not influence survival without
a completion ALND has not yet been proven. Ideally, proof
of safety of the SLNB in staging the axilla in breast cancer
patients should be determined in a controlled randomized
trial comparing the SLNB without completion ALND to
the ALND with survival as endpoint. Such studies are run-
ning but are not yet completed.4 In the meantime, this study
made use of the large body of outcome data in the
Eindhoven Cancer Registry to answer this question,
compensating for potential bias in a multivariate analysis.

Possible bias and confounding

Patient selection in this population-based study is a pos-
sible source of bias. Out of the 7974 patients registered as
having breast cancer between 1989e2002, 754 had no in-
formation on their axillary status, 434 reported zero lymph
nodes found, and 1356 reported less than 10 lymph nodes
found. Analysis of these sub-groups showed that these
were primarily older patients in the earlier periods of this
study. In very elderly patients it was customary to do
only a limited ALND or even no ALND because it was
thought they would not live long enough to profit from an
extensive ALND. A multivariate analysis using only the pa-
tients from the most recent period 1999e2002, with many
less missing values, did not significantly change the results.
The hazard ratio of ALND versus SLNB without comple-
tion ALND for the period 1999e2002 was 1.02 (CI
0.69e1.51). This means that these missing values do not
essentially change the results found in this study.

Tumour grade is well recognized as having strong prog-
nostic value, and this study has many missing values for
this parameter. Because of problems with uniformity and
reproducibility of tumour differentiation grade, it was ac-
cepted practice during the period included in this study in
the Netherlands for pathologists to report either the Bloom
Richardson grade or the Mitotic Activity Index (MAI), or
both. In order to reduce the number of missing values for
this parameter, a separate analysis was done combining
the Bloom Richardson grade with the MAI as a measure
for tumour differentiation grade. When known, the Bloom
Richardson grade was used and if unknown, then MAI
was used with MAI greater or equal to 10 treated as tumour
grade three and MAI less than 10 treated as tumour grade
one.17,19 This reduced the missing values to 7% in the
SLNB group and 44% in the ALND group. This only mar-
ginally changed the hazard ratio for tumour grade, from
1.74 (CI: 1.14e2.67) when analysing tumour grade and



836 G.P. Kuijt et al. / EJSO 33 (2007) 832e837
Table 2

Multivariate analyses of overall survival in lymph node-negative breast cancer patients (n ¼ 2561)

Univariate Multivariatea

HR (95% CI) HR (95% CI)

Axillary staging procedure

SLNB 1 1

�10 nodes examined 1.37 (1.04e1.80)* 1.23 (0.93e1.64)

Period

1989e1993 1

1994e1998 0.79 (0.63e0.98)*

1999e2002 0.75 (0.57e0.99)*

Age (years)

<50 1 1

50e69 0.95 (0.74e1.22) 0.98 (0.76e1.27)

70þ 3.28 (2.56e4.21)** 3.18 (2.45e4.11)**

Tumour size (pT)

T1 1 1

T2 1.79 (1.48e2.18)** 1.47 (1.20e1.80)*

T3 1.78 (0.84e3.76) 2.04 (0.94e4.47)

T4 2.04 (1.31e3.19)* 1.57 (0.95e2.58)

Tumour location

Lateral 1

Medial/central 1.23 (0.99e1.53)

Overlapping 1.14 (0.91e1.43)

Tumour grade

1 1 1

2 1.28 (0.86e1.93) 1.28 (0.85e1.93)

3 1.57 (1.04e2.38)* 1.74 (1.14e2.67)*

MAI

<10 1

�10 1.37 (0.94e2.00)

Tumour histology

Ductal 1 1

Lobular mixed 0.92 (0.72e1.17) 0.81 (0.63e1.05)

Mucinous 0.56 (0.35e0.90)* 0.64 (0.40e1.04)

ER

Negative 1

Positive 1.02 (0.79e1.30)

PR

Negative 1

Positive 0.81 (0.64e1.03)

Tumour treatment

BCS þ RT 1 1

BCS � RT 1.87 (1.11e3.14)* 1.74 (1.03e2.95)*

Mastectomy � RT 1.70 (1.40e2.07)** 1.19 (0.96e1.47)

Other 1.59 (1.13e2.24)* 0.99 (0.67e1.47)

Systemic therapy

No 1

Yes 1.16 (0.85e1.58)

HR, hazard ratio; MAI, mitotic activity index; ER, oestrogen receptor; PR, progesterone receptor; BCS, breast conserving surgery; RT, radiotherapy.

*p < 0.05; **p < 0.0001.
a In the multivariate model, all variables were included that showed a significant univariate association. Period was not included in the model as this was

thought to result in an overcorrection of the variable of interest.
MAI separately to 1.57 (CI: 1.13e2.18) when combining
MAI with the tumour grade. This study presents the results
separately so that readers can form their own opinion. It
was outside the scope of this study to form conclusions
about the nature and the strength of the relationship be-
tween MAI and tumour grade.

There was a significant difference in the distribution of
tumour size and grade between the SNLB and ALND
groups, as well as differences in local tumour treatment
and the administration of systemic therapy. The SLNB
group included more patients with small tumours and
well differentiated tumours, as well as more patients under-
going breast conserving treatment and receiving systemic
treatment. A sub-analysis of these phenomena showed
that this is primarily explained by the period in which the
patient was diagnosed with breast cancer. Initial treatment
guidelines advised against the use of SLNB in patients
with tumours larger than 2 cm in diameter, with more
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than one primary tumour, and with a clinically positive
axilla.20 Also, guidelines evolved over time to recommend
hormone therapy and chemotherapy to selected node-
negative patients.16 This is why this study did not include
period of diagnosis as a separate parameter in the multivar-
iate analysis. It would have overcompensated for recog-
nized differences in tumour size, tumour grade, tumour
treatment, and the administration of systemic treatment
between the two groups as described above.

Conclusion

The introduction of the SLNB for staging the axilla
rightly raised concerns about its feasibility, safety and accu-
racy. The results of this population-based study show that,
after correction for known prognostic variables, breast can-
cer patients with a negative SLNB without completion
ALND had survival similar to ALND-negative patients
who had 10 or more axillary nodes examined. ALND there-
fore has no independent survival benefit in node-negative
breast cancer patients, meaning that the SLNB without
completion ALND can safely replace ALND as the proce-
dure of choice for axillary staging in breast cancer patients
with a clinically negative axilla.
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