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Abstract
Background. The validation series of sentinel lymph node biopsy (SLNB) in the treatment of breast cancer have shown that
10�20% more lymph node metastases are detected. However, their impact has never been studied in populations where the
method has been fully implemented. In a population-based setting, the objective of the current study was to estimate the
increased risk of metastases after introduction of the sentinel lymph node biopsy technique. Methods. We identified all new
breast cancer patients in three different counties in two time periods (1996�1997 and 2002�2003). The study cohort was
comprised of 2 932 patients. The main outcome was the frequency of patients with metastases. The frequencies of patients
with metastases were compared as well as adjusted (using a multivariate logistic regression) and unadjusted odds-ratio for
detecting lymph node metastases. Results. In counties where sentinel lymph node biopsy was implemented, the frequency of
patients with lymph node metastases increased significantly 7.3% (95% CI: 1.0�13.7%) and 13.3% (95% CI: 7.3�19.3%),
respectively. In the county without sentinel lymph node biopsy, an insignificant increase of 6.9% (-0.1�13.9%) in the
frequency of patients with metastases was seen. The adjusted odds- ratio for detecting lymph node metastases was 1.41
(1.07�1.87) and 1.70 (1.30�2.23) in the counties with SLNB. Conclusion. The frequency of patients with metastases
increased significantly in counties where sentinel lymph node biopsy was implemented.

Lymph node status is an important prognostic

indicator of the outcome in patients with breast

cancer. Patients with metastases to the axillary

lymph nodes have a poorer prognosis than patients

without them [1]. Until recently, axillary dissection

of level I and II has been performed as a routine with

both a diagnostic and therapeutic aim. With the

introduction of sentinel lymph node biopsy (SLNB),

this number has decreased because patients without

metastases to sentinel lymph nodes are not treated

with axillary dissection [2,3]. The SLNB has been

implemented worldwide, although very few rando-

mized studies of mortality and recurrence have been

published [4]. However, small series have been

published showing that the recurrence rate in

sentinel node negative patients is low [5,6].

Because only a few lymph nodes are identified as

sentinel lymph nodes, it is possible to perform

extensive histopathological examinations using serial

sectioning and staining with antibodies against

cytokeratin. However, the use of specific polymerase

chain reactions can detect even smaller amounts of

metastatic tissue in the lymph nodes. In studies with

a limited number of patients, up to 10�20% more

patients with lymph node metastases are detected

which will lead to up-staging of these patients [7]. In

contrast, validation studies have revealed up to 8%

false negative patients leading to an understaging

[8].

It is believed that the use of these careful

procedures leads mainly to the detection of

more micrometastases [9]. With the possibility of
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detecting small amounts of metastatic tissue in

lymph nodes, the clinical impact of micrometastases

has been questioned. Some studies have shown that

patients with micrometastases have a survival rate

between that of patients with no metastases and

patients with macrometastases [10]. Others have

shown that patients initially diagnosed with micro-

metastases can have macrometastases in sentinel as

well as in non-sentinel lymph nodes if meticulous

serial sectioning is performed [11,12]. The clinical

impact of micrometastases is now being studied in a

randomized trial [13].

Even though meticulous histopathological meth-

ods will find more lymph node metastases, the risk of

lymph node metastases is a function of tumor size

[14]. Further, studies have shown that the average

tumor size is smaller in populations with mammo-

graphy screening than in populations without

[15,16]. The impact of nodal positivity of introdu-

cing SLNB in populations with mammography

screening compared with populations without mam-

mography screening is unclear.

Population- and register-based studies have the

possibility of studying the impact of SLNB on whole

populations. Only a few studies have tried this

[17,18]. Such studies require registries of high

quality. In Denmark, registration of cancer incidence

is maintained by the Danish Cancer Registry

(DCR). Since 1987 it has been mandatory to report

new cancers to the DCR. The register uses multiple

sources to get as high a completion as possible, and

validation studies have shown that more than 99% of

new breast cancers are reported. However, only very

few histopathological data are reported to the DCR

[19]. Breast cancer treatment is organised by the

Danish Breast Cancer Cooperative Group (DBCG).

It was established in 1977 as an initiator and

organiser of nation-wide protocols and randomised

trials. As part of these protocols, there are guidelines

for the preoperative diagnostic set-up, surgical

treatment, radiotherapy, and adjuvant systemic ther-

apy. All breast cancer units participate in the

protocols and trials. When a new treatment is

introduced, the introduction is not necessarily at

the same time in different breast cancer units.

This was the case with the introduction of SLNB,

which was implemented with different speeds in the

Danish counties. The DBCG holds a database with

high quality clinicopathological data. However, vali-

dation studies have shown that the database is

missing information on approximately 10�20% of

all a populations patients [20,21]. The missing

patients are mainly older patients or patients with

severe comorbidity. These patients are often treated

outside of protocol.

The aim of this population-based study was to

estimate the increased number of patients with

lymph node metastases after the introduction of

SLNB.

Materials and methods

We compared two time periods (1996�1997 vs.

2002�2003) in three different counties in Denmark.

The three counties that were studied were Funen

County (county A), Aarhus County (county B) and

County of Northern Jutland (county C). On January

1, 2003 the number of inhabitants in the three

counties were 473 471, 649 177 and 495 625, re-

spectively [22]. In 1996�1997 SLNB was not

implemented in any of the three counties. Since

1993, mammography screenings have been offered

biannually to women 50�69 years of age in county A

as part of a public health care plan. In county B and

C there were no mammography screenings. In

county A and B, SLNB was fully implemented in

2002�2003 as a surgical protocol with uniform

guidelines from DBCG. In county C, neither senti-

nel lymph node biopsy nor mammography screening

was implemented. A summary of the three counties

and the two periods are shown in Table I.

Patients were identified using the DCR. These

data were combined with the clinicopathological

data from the DBCG. Missing data in the database

from the DBCG were collected manually from

medical records. Information of residency was

obtained from the national registration number

system that provides accurate information on resi-

dency.

Table I. Principal differences between 1996�1997 and 2002 and Funen, Aarhus and Northern Jutland counties.

1996�1997 2002�2003

County A � mammography screening � mammography screening

No SLNB � SLNB

County B No mammography screening No mammography screening

no SLNB � SLNB

County C no mammography screening No mammography screening

no SLNB No SLNB

SLNB: sentinel lymph node biopsy.
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Study cohort

Overall 4302 (n�2015 in 1996�1997 and n�2287

in 2002�2003) patients were identified in the DCR.

With the exception of patients with in situ cervical

cancer of the uterus and basal cell carcinomas of the

skin, patients with a prior history of invasive cancer

(n�121) were excluded. Patients diagnosed on

autopsy alone (n�29), patients without a histologi-

cally proven breast cancer (n�112), and patients

with disseminated disease at the time of diagnosis

(n�136) were also excluded. Finally, patients aged

71 years or older (n�972) were excluded because

these patients were treated outside DBCG-protocols

in 1996�1997. A total of 2 932 patients with early

breast cancer were then included in the analysis.

Selection of patients to sentinel lymph node biopsy

According to the guidelines from the DBCG,

patients were candidates for SLNB if they had

unifocal tumors smaller than 4 cm on mammograms

or ultrasounds. Ultrasounds of the axillas were

performed on all patients. If suspected lymph nodes

were seen, fine needle aspiration was performed. If

malignant cells were found, an axillary lymph node

dissection was performed.

Examination of lymph nodes

Lymph nodes were examined according to guide-

lines from the DBCG [23]. In the first period, all

lymph nodes were examined by bisectioning and

staining with haematoxylin-eosin (HE). In the sec-

ond period, sentinel lymph nodes were examined

according to DBCG guidelines and included serial

sectioning and staining with immunohistochemistry

using antibodies against cytoceratin. The polymerase

chain reaction method was not used. Lymph nodes

from axillary dissections (level I and II) were

bisected and stained with HE and these nodes were

therefore not examined using serial sectioning and

IHC.

Metastases were, in both periods, categorized

according to the 4th version of the AJCC cancer

staging manual [24]. Metastases larger than 2 mm

were categorized as macrometastases, and metas-

tases below 2 mm were categorized as micrometas-

tases. Reporting whether metastases were found on

HE- or cytokeratin-stained material did not occur.

Statistics

The Wilcoxsons rank sum test was used to compare

differences between groups. The Bonferronis correc-

tion was calculated to adjust for multiple testing.

Odds-ratios and absolute risk differences were calcu-

lated with corresponding 95% confidence intervals.

Adjusted odds-ratios were calculated using a

multivariate logistic regression model. Potential

confounders that were included in the model were

age, menopausal status, tumor size, number of

lymph nodes removed, histological type, estrogen-

receptor status, and malignancy grade. Age was

categorized in 10-year increments (21�30, 31�40,

41�50, 51�60 and 61�70 years). Lymph nodes were

categorized as 0, 1�2, 3�4, 5�9 and 10 or histologi-

cally proven lymph nodes. The histology of the

tumours was classified as ductal carcinomas, lobular

carcinomas, other types and, finally, a category of

carcinomas confirmed by cytology alone. Tumors

were graded according to Bloom and Richardson in

grades I, II and III [25]. We tested the model using

Pearson’s x2 goodness-of-fit test.

The statistical software package Stata, (inter-

cooled version 8, Stata Corporation 4905 Lakeway

Drive, College Station, Texas 77845 USA) was used.

Results

The analysis included 2 932 patients in three differ-

ent counties in two periods in Denmark. Age, T-

stage distribution and malignancy grade were similar

across time periods and county (Table II). The

histological type and estrogen receptor status re-

mained unchanged in County A and C while a

significant change was seen in county B which is

probably a coincidence. In all three counties, there

was a significant increase with time in the number of

patients having breast conserving surgery; the high-

est proportion (55%) was observed in Funen as well

as a similar decrease in mastectomies. Funen was

also the county with the lowest average tumor size.

The number of lymph nodes examined (removed)

differed significantly in all three counties. The

proportion of patients having fewer than 10 lymph

nodes removed increased significantly in county A

(9 vs. 30%, pB0.01) and county B (9 vs. 35%,

pB0.01). In contrast, in county C, the number of

patients having more than 10 lymph nodes removed

increased significantly (78 vs. 95%, pB0.01). Ana-

lysing the number of patients who had 15 or more

lymph nodes examined revealed a significant in-

crease (pB0.03) in County C from the first to the

second period.

The number of micrometastases increased signifi-

cantly in county A and B (4 vs. 10% in both

counties, pB0.01). No significant difference was

seen in county C (4 vs. 6%, p�0.05). Approxi-

mately half of the population of breast cancer

patients in county A and B had a sentinel lymph

node procedure performed.

Node positive breast cancer patients after introduction of sentinel node 241



Table II. Basic characteristics of the study population from three counties in Denmark.

County A County B County C

1996�97 2002�2003 1996�97 2002�2003 1996�1997 2002�2003

Included patients 462 540 506 608 353 463

Age*

Median (range) 55 (26�70) 57 (28�70) 54 (24�70) 55 (21�70) 55 (28�70) 56 (28�70)

Age

B50 years of age 127 (27) 125 (23) 185 (37) 168 (28) 112 (32) 131 (28)

50 years of age or more 335 (73) 415 (77) 321 (63) 440 (72) 241 (68) 332 (72)

Menopausal Status*

Premenopausal 147 (32) 164 (30) 192 (38) 211 (35) 125 (35) 167 (36)

Postmenopausal 315 (68) 376 (70) 314 (62) 395 (65) 228 (65) 295 (64)

Unknown 0 0 0 2 (0) 0 1

Tumor size

Median (range) 16 (1�80) 15 (1�150) 19 (1�130) 20 (1�100) 20 (1�120) 20 (1�120)

T-stage*

T1

T1mic 1 (0) 4 (1) 1 (0.2) 2 (0.3) 1 (0.3) 4 (1)

T1a 15 (3) 15 (3) 18 (4) 19 (3) 4 (1) 7 (2)

T1b 74 (16) 103 (19) 66 (13) 54 (9) 34 (10) 33 (7)

T1c 207 (45) 237 (44) 193 (38) 220 (36) 140 (40) 202 (44)

T2 135 (29) 140 (26) 170 (34) 244 (40) 142 (40) 179 (39)

T3 6 (1) 24 (4) 21 (4) 26 (4) 9 (3) 17 (4)

T4 11 (2) 6 (1) 15 (3) 15 (2) 5 (1) 6 (1)

TX 13 (3) 11 (2) 22 (4) 28 (5) 18 (5) 15 (3)

Surgical treatment#

Breast Conserving Surgery 161 (35) 298 (55) 134 (26) 209 (34) 46 (13) 118 (25)

Mastectomy 280 (60) 228 (42) 343 (68) 362 (60) 290 (82) 330 (71)

Biopsy only$ 21 (5) 14 (3) 29 (6) 37 (6) 17 (5) 15 (3)

SN procedures 0 280 (52) 0 300 (49) 0 55 (12)

Lymph nodes examined

Median (range) 14 (0�40) 15 (0�40) 13 (0�40) 11 (0�35) 12 (0�38) 17 (0�47)

Lymph nodes examined#

20� 81 (18) 136 (25) 232 (46) 58 (10) 40 (11) 150 (32)

15�19 123 (27) 137 (30) 142 (28) 124 (20) 77 (22) 159 (34)

10�14 nodes 191 (41) 85 (16) 51 (10) 181 (30) 158 (45) 108 (23)

5�9 43 (9) 67 (12) 45 (9) 64 (11) 51 (14) 15 (3)

3�4 0 (0) 51 (9) 2 (4) 72 (12) 2 (1) 5 (1)

1�2 1 (0.2) 51 (9) 0 (0) 75 (12) 1 (0.3) 5 (1)

0 23 (5) 13 (3) 34 (7) 34 (6) 24 (7) 21 (5)

Metastatic sizef

No metastasis 270 (62) 285 (54) 266 (56) 246 (40) 175 (53) 207 (46)

Macrometastasis 151 (34) 191 (36) 185 (39) 268 (47) 142 (43) 216 (48)

Micrometastasis 18 (4) 51 (10) 21 (4) 59 (10) 12 (4) 26 (6)

Histological type§

Ductal 384 (83) 428 (79) 420 (83) 453 (75) 283 (80) 356 (77)

Lobular 46 (10) 53 (10) 37 (7) 80 (13) 35 (10) 47 (10)

Other 28 (6) 45 (8) 38 (8) 39 (6) 30 (8) 52 (11)

Cytology only 4 (1) 14 (3) 11 (2) 36 (6) 5 (2) 8 (2)

Malignancy grade %1

I 107 (28) 142 (33) 105 (25) 117 (26) 93 (32) 71 (20)

II 177 (46) 173 (40) 189 (45) 182 (40) 109 (39) 170 (48)

III 82 (21) 105 (25) 94 (19) 137 (30) 61 (22) 102 (29)

Unknown’ 18 (5) 8 (2) 32 (8) 17 (4) 20 (7) 13 (3)

Estrogenreceptor status§

negative 97 (21) 97 (17) 165 (33) 125 (21) 104 (29) 95 (20)

Positive 345 (75) 426 (79) 316 (62) 443 (73) 238 (67) 359 (78)

unknown 20 (4) 17 (3) 25 (5) 40 (6) 11 (3) 9 (2)

Percentages in parentheses. *p�0.05 in all counties. #pB0.01 in all counties.. fpB0.01 in ounty A and B. p�0.05 in county C, %pB0.05

in county B & C, §pB0.05 in county B, 1ductal carcinoma only, $patients with either core needle biopsy or fine needle aspiration,
’‘‘cytology only’’ are patients who had only a fine needle aspiration from the primary tumor.
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Table III shows the basic data on patients in the

last period. Within each county, the patients are

divided into two groups depending on whether they

had a sentinel lymph node dissection performed or

not. The tumor size and T-stage distributions

differed significantly between patients who had a

SLNB and patients who did not (pB0.01), with a

median tumor size of 24 mm among non-SLNB

patients and 16 mm in SLNB patients in county A,

and 27 mm and 19 mm, respectively, in county B. In

all three counties, significantly more patients had

breast conserving surgery in the SLNB group than

patients who did not have a sentinel lymph node

biopsy performed (pB0.001). If metastases were

present, one-third of the SLNB patients had micro-

metastases. In contrast, only 6�8% had micrometas-

tases among non SLNB patients. Also, significantly

more low grade tumors (grade I) were observed the

SLNB-group compared with the non-sentinel lymph

node group (pB0.001). There were no significant

differences between the two groups regarding age at

diagnosis, histological type, and ER status.

Table IV shows the main results of the study. Of

the most interest is the frequency of patients with

metastases which increased significantly in both

county A (p�0.03) and B (pB0.0001). An insig-

nificant increase (p�0.06) was found in county C.

The increase in patients with metastases was 7.3%

(95% CI: 1.0�13.7% in county A, 13.3%, (7.3�
19.3%) in county B and 6.9% (�0.1%�13.9%) in

county C. The unadjusted OR was 1.34 (1.03�1.76,

p�0.03), 1.72 (1.33�2.21, pB0.0001) and 1.33

(0.99�1.79, p�0.05), respectively. The largest in-

crease in the frequency of patients with metastases

was seen in county B. Adjusting for the influence of

other prognostic factors such as age, menopausal

status, tumor stage, estrogen receptor status, histo-

logical type and malignancy grade, a little change in

the estimates was seen. Further, an increase in the

number of patients with lymph node metastases for

patients with T1b, T1c and T2 tumors was ob-

served. The difference was pronounced in the two

counties where sentinel lymph node biopsy was

performed. Furthermore, the increase was most

marked in patients with T2 tumors in county A

and B where an 11% and 14% increase in the

absolute number of patients with metastases are

seen. The corresponding increase in county C was

only 2%.

Discussion

Up to 13% of the patients included in our study are

shifted to more advanced stages. These patients

previously staged as N0 will instead be staged as

N1 or even N2 or N3 [9,26,27]. This will result in

improved survival in all groups without any real

change in overall outcome as described by Feinstein

[28]. He gave this phenomenon the generic title stage

migration or the eponym the ‘‘Will Rogers Phenom-

enon’’.

Few studies have examined the impact on whole

populations after implementing SLNB [17,18].

Vanderveen et al. [18] reported an overall non-

significant increase in the number of patients with

lymph node metastases. This increase was found

among patients with T1a and T1b tumors. In

contrast to our findings, no increase among patients

with T1c or T2 tumours was observed. If any of their

patients were detected by mammography screening

is unclear. Van der Heiden-van der Loo [17]

compared with a period during implementation of

SLNB and found an overall 10% increase in the

number of patients with metastases during

the implementation which was caused mainly by

the detection of micrometastases. Our results are in

accordance with this finding.

Interestingly, we found that the frequency of

patients with macro metastases increased to 2 and

8% in county A and B, respectively. It is believed

that SLNB will only reveal micrometastases. How-

ever, in a study by Viale et al. [12], the use of serial

sectioning revealed macro metastases in a substantial

number of patients whose non-sentinel lymph nodes

were initially bisected and stained. Further, Weaver

has discussed the consequences and dilemmas about

using serial sectioning in the evaluation of sentinel

lymph nodes [29]. In accordance with these papers,

our results indicate that meticulous histopathological

methods used to evaluate sentinel lymph nodes also

reveal macro metastases.

We found that patients in the SLNB groups

represented a highly selected group of patients.

Ultrasonography and fine needle aspiration of sus-

pected lymph nodes are used in the diagnostic work-

up and are a possible explanation of this selection

[30]. In fact, the highest frequency of patients with

metastases was in the groups that did not have a

sentinel lymph node procedure performed. This

could explain the selection of patients to SLNB.

Further, the pathological setup is now much more

focused upon finding lymph node metastases. This

change in diagnostic scenario and paradigm could

also explain why more metastases are found in whole

populations after SLNB is implemented

Studies that examined the extent of stage migra-

tion are basically cross-sectional studies. The results

in these types of studies are difficult to interpret

because the role of exposure and outcome are not

controlled as in a prospective, clinical trial. We

noticed, based on the national cancer incidence

reports from the Danish Board of Health [31], that
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Table III. Basic characteristics of patients from the last period.

County A County B County C

Non-SN pts SN pts Non-SN pts SN pts Non-SN pts SN pts

Sentinel Lymph Node procedures performed 260 280 308 300 408 55

Nodal status

N} 117 (45) 168 (60) 77 (25) 170 (35) 186 (46) 21 (35)

N� 130 (50) 112 (40) 197 (64) 130 (65) 208 (51) 34 (65)

N� 13 (5) 34 (11) 14 (3)

Age

Median (range) 54 (28�70) 57 (35�70) 54 (21�70) 55 (30�70) 55 (28-70) 55 (36�70)

Age

B50 years of age 74 (28) 51 (18) 87 (28) 81 (27) 113 (28) 18 (33)

50 years of age or more 186 (72) 229 (82) 221 (72) 219 (73) 295 (72) 37 (67)

Menopausal Status

Premenopausal 96 (37) 68 (24) 107 (35) 105 (35) 149 (37) 19 (35)

Postmenopausal 164 (63) 212 (76) 201 (65) 195 (65) 260 (63) 36 (65)

Tumor size*

Median (range) 24 (1-150) 16 (3-45) 27 (1-100) 19 (1�75) 23 (1�120) 21 (9�40)

T-stage§

T1

T1mic 4 (2) 0 1 (0.3) 1 (0) 4 (1) 0

T1a 11 (4) 4 (1) 8 (3) 11 (3) 7 (2) 0

T1b 36 (14) 67 (24) 22 (7) 32 (11) 32 (8) 1 (2)

T1c 86 (33) 151 (54) 68 (22) 152 (51) 173 (42) 29 (53)

T2 82 (32) 58 (21) 146 (47) 98 (33) 154 (38) 25 (45)

T3 24 (9) 0 23 (7) 3 (1) 17 (4) 0

T4 6 (2) 0 15 (5) 0 6 (1) 0

TX 11 (4) 0 25 (8) 3 (1) 15 (4) 0

Surgical treatment#

Breast Conserving Surgery 84 (33) 214 (76) 45 (15) 164 (55) 88 (22) 30 (55)

Mastectomy 162 (62) 66 (24) 226 (73) 136 (45) 305 (75) 25 (45)

Biopsy only 14 (5) 0 37 (12) 0 15 (3) 0

Lymph nodes examined

20� 94 (36) 42 (13) 40 (13) 18 (6) 140 (34) 10 (18)

15�19 87 (33) 50 (20) 87 (28) 37 (12) 135 (33) 24 (44)

10�14 50 (19) 35 (13) 112 (36) 69 (23) 100 (25) 8 (15)

5�9 12 (5) 55 (20) 25 (8) 39 (13) 10 (2) 5 (9)

3�4 1 (0.4) 50 (18) 4 (1) 68 (23) 1 (0.4) 4 (7)

1�2 1 (0.4) 48 (17) 1 (0.3) 69 (23) 1 0.4) 4 (7)

0 15 (6) 0 39 (12) 0 21 (5) 0

Metastatic size if metastasesˆ

Macrometastases 120 (92) 71 (63) 185 (94) 83 (64) 190 (92) 25 (73)

Only micrometastases 10 (8) 41 (37) 12 (6) 47 (36) 17 (8) 9 (29)

Histological typef

Ductal 206 (79) 222 (79) 214 (69) 239 (80) 309 (76) 47 (86)

Lobular 16 (6) 37 (13) 40 (13) 37 (12) 43 (11) 4 (7)

Other1 38 (15) 21 (8) 54 (18) 24 (8) 48 (12 4 (7)

Malignancy grade%2

I 50 (24) 92 (41) 35 (16) 82 (34) 58 (19) 13 (28)

II 87 (42) 86 (38) 88 (41) 94 (39) 145 (47) 25 (53)

III 63 (31) 40 (18) 81 (34) 56 (23) 94 (30) 8 (17)

Unknown 6 (3) 3 (1) 10 (4) 7 (3) 12 (4) 1 (2)

ER status$

negative 61 (23) 35 (13) 69 (22) 55 (18) 84 (21) 12 (22)

positive 178 (68) 242 (86) 193 (63) 242 (81) 302 (74) 43 (78)

unknown 21 (8) 3 (1) 46 (15) 3 (1) 21 (5) 0

* p�0,04 in county A pB0.001 in county B, p�0.21 in county C, §p�0.03 in county A, pB0.001 in county B, p�0.22 # pB0.001 in all

three counties, ˆpB0.001 in all three counties, fp�0.43 in county A, p�0.49 in county B, p�0.11 in county C, 1includes patients with

cytology only, 2 ductal carcinomas only, %pB0.001 in county A, p�0.02 in county B, p�0.15 in county C, $ p�0.01 in county A, p�0.17

in county B, p�0.81 in county C.
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Table IV. Primary result of the study: Included patients, risk estimates and T-stages with and without metastases stratified by county and time period.

County A County B County C

1996�1997 2002�2003 1996�1997 2002�2003 1996�1997 2002�2003

Included patients 462 540 506 608 353 463

Number of SLNB 0 280 0 300 0 55

Node} Node � Unknown Node} Node� Unknown Node} Node� Unknown Node} Node� Unknown Node} Node� Unknown Node} Node� Unknown

270

(58)

169 (37) 23 (5) 285

(53)

240

(45)

13 (2) 266

(53)

206

(41)

34 (7) 246

(41)

327 (54) 34 (6) 175

(50)

154

(44)

24 (7) 207

(46)

242

(53)

5 (1)

Absolut Risk

difference

7.3% (1�13.7%) 13.3% (7.3�19.3) pB0.0001 6.9% (�0.1�13.9%) P�0.06

Unadjusted OR

(95% CI)

1.34 (1.03�1.76) 1.72 (1.33�2.21) 1.33 (0.99�1.79)

Adjusted OR1

(95% CI)

1.41 (1.07�1.87) 1.70 (1.30�2.23) 1.23 (0.90�1.68)

T-stage Node} Node � Unknown Node} Node� Unknown Node} Node� Unknown Node} Node� Unknown Node} Node� Unknown Node} Node� Unknown

T1mic 1 (100) 0 0 4 (100) 0 0 1 (100) 0 0 2 (100) 0 0 1 (100) 0 0 2 (50) 2 (50) 0

T1a 12 (80) 2 (13) 1 13 (87) 2 (13) 0 18 (100) 0 0 16 (84) 3 (16) 0 3 (75) 0 1 6 (86) 1 (14) 0

T1b 62 (84) 9 (12) 3 83 (81) 20 (19) 0 47 (71) 18 (27) 1 39 (72) 15 (28) 0 26 (76) 7 (21) 1 (3) 26 (79) 7 (27) 0

T1c 129(62) 77 (37) 1 132 (56) 104 (44) 0 115 (60) 74 (38) 4 111 (50) 109 (50) 0 84 (60) 53 (38) 3 (2) 99 (49) 103 (51) 0

T2 60(44) 72 (53) 3 49 (35) 91 (65) 0 72 (42) 96 (56) 2 72 (30) 172 (70) 0 56 (39) 84 (59) 2 (2) 69 (39) 110 (61) 0

1Adjusted for age, tumor stage, ER-status, menopausal status, histological subtypes, malignancy grade.

OR� odds-ratio ci�confidence interval.
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the overall increase in early breast cancer increased

by 16% during the period where SLNB was

implemented. There has been a similar increase in

other western European countries as well [32]. This

increase might, of course, seriously influence the

results.

By including a control county where SLNB was

not implemented, we were able to get an impression

of whether unknown factors other than implementa-

tion of SLNB could influence the results. In county

C, we found an insignificant increase of 6.9% (but

closely significant, 95% confidence interval: �0.1�
13.9%, p�0.06) in the number of patients with

lymph node metastases. Ten percent of the patients

in county C (55 patients) had a SLNB in our control

county. Half of these patients were part of a

validation series; the other half was treated at

neighbouring hospitals in other counties, where the

method was implemented. Excluding the 55 patients

who had a SLNB from our analyses did not change

the estimates. A very plausible explanation for the

finding in county C is that the quality of axillary

surgery or the pathological examinations of the

lymph nodes improved from the first to the last

period since the number of patients with more than

15 nodes examined increased from 33 to 66%.

Increasing the number of examined lymph nodes

from axillary dissections have been found to increase

the degree of nodal involvement and this is a likely

explanation for the finding in county C [33,34].

Patients in Denmark are treated according to

programs that include different medical, adjuvant

regimens. Between the two periods in this study the

program for adjuvant therapy was shifted as well as

the algorithm for allocating patients to adjuvant

therapy [23]. We were therefore not able to examine

if the increased number of patients with lymph node

metastases influenced the number of patients receiv-

ing adjuvant therapy. Theoretically, some patients

received adjuvant therapy only because of lymph

node metastases. However, others would receive

adjuvant therapy because of primary tumor char-

acteristics. An increased survival seen after imple-

menting SLNB will not purely be ascribed to the

‘‘Will Rogers’’ phenomenon.

The weakness of the study is the cross-sectional

design which is a weak design when cause and effect

should be established. Possibly, the observed in-

crease in the number of breast cancer patients might

influence the results. In the study done by Vanderv-

een, there was an average increase per year in the

prevalence of patients with early breast cancer on

40% in the last period where SLNB was implemen-

ted. The studies by Van der Heiden-van der Loo and

Vanderveen [17,18] did not include a control in their

studies. Even though they found a steady increase in

the number of patients with lymph node metastases,

it can be hypothesized that a similar increase might

as well have been seen in an area without imple-

mentation of SLNB.

Conclusion

We conclude from this study that SLNB probably

results in up-staging of 7�15%. Other studies with a

different design need to confirm the findings.
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