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ABSTRACT

Background and purpose: The association between the tumor size and the risk of lymph node metastasis
(LNM) is well known. The purpose of this study is to describe a new model for predicting the occurrence of
LNM at an earlier time for breast cancer patients where at a given time this association is known.
Patient/material and methods: The subjects studied were 59,400 breast cancer patients treated in the
period 1995-2012 and registered in the Danish Breast Cancer Group (DBCG) database. Data included
age, year of treatment, menopausal status, tumor size, lymph node status, localization, focality, histolog-
ical type, grade, estrogen receptor (ER), HER2 status, lympho-vascular invasion (LVI), and type of surgery.
Univariate and multivariate analyses were made.

Results: 46% of patients presented with LNM. The occurrence increased with increasing tumor size. HER2
positive tumors had more LNM 56.9% versus 44.7% (p < 0.001) (odds ratio [OR] 1.17 [95% confidence inter-
val, Cl 1.09-1.26]) and mostly pronounced in relation to ER negative tumors (p < 0.001). ER negative/HER2
negative tumors had lower risk of LNM (OR 0.57 [95% Cl 0.52-0.63]). Central tumors and tumors in the
lower lateral quadrant were more often node positive. LVI showed increased odds for LNM (OR 5.16 [95%
Cl 4.84-5.52]).

Interpretation: Increasing tumor size is the only time-dependent risk of LNM. HER2 positive tumors had
an increased risk of LNM, and ER negative/HER2 negative tumors had a decreased risk of LNM. LVI was
associated with substantial increased risk of LNM. The knowledge of breast cancer patient and tumor char-
acteristics at a given time may predict stage of cancer at an earlier time.
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cancer in relation to tumor size and age [10-12]. Through such
models, it is possible to come up with an estimate of tumor size
at an earlier stage in cases where diagnosis and treatment has
been delayed. Contrary to this, there is no consensus on how to
estimate the lymph node status at an earlier time even though
the number of metastases is known at the time of treatment.
Several studies, among those a study from DBCG [13] and a
study from Finland [14], have described mathematical models
for predicting the risk of further LNM based on sentinel node

Introduction

Lymph node status is a major determinant for the treatment and
prognosis in breast cancer. The incidence of lymph node metas-
tases (LNM:s) is related to the characteristics of the breast tumor
and is described in several studies [1-5]. Especially, the associa-
tion between the tumor size and the risk of LNM is well docu-
mented [6, 7]. To our knowledge, no publication concerning
prediction of stage, if diagnosed earlier, exists.

In a previous study by The Danish Breast Cancer Group
(DBCG) [8], it was shown that LNM occurs less frequently when
the tumoris hormone-receptor negative compared to hormone-
receptor positive tumors. Furthermore, it was shown that there
is a higher incidence of LNM in HER2 positive tumors. The
association between the woman’s age and the risk of LNM has
also been described. Greer et al. [9] found a diminishing rate of
LNM up till the age of 75, and after that the rate increased.

Breast cancer is a very complex disease presenting different
tumor types and subtypes with a variable growth potential and
variability in the incidence of LNMs. Models have been
developed for the estimation of the growth potential of breast

(SN) status. Unfortunately, there is not a similar option for
estimating lymph node status if the diagnosis was made earlier.
An algorithm or a model could be a useful tool in evaluating the
impact on treatment and the deterioration of prognosis as a
consequence of delayed diagnosis (i.e. insurance cases). Isheden
et al. [15] present, based on screening data, a mathematical
model for the relation between the breast cancer tumor size and
the probability of affected lymph nodes. Their model does not
make it possible to accurately estimate the number of positive
lymph nodes in the event of an advanced diagnosis but only
provides a probability of whether there would have been LNM
or not.
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The purpose of this study is, by using large datasets from the
DBCG database, to describe the association between the
observed tumor size and the incidence of LNM and how this
association depends on various patient data and tumor
characteristics. Furthermore, it is hypothesized that for the
individual tumor, the tendency for metastasizing follows a
certain pattern. Tumors, which metastasize at an early stage,
will have more metastases at a later stage than tumors of the
same size, which have their first metastasis later. Furthermore, it
is assumed that tumor characteristics do not change over time.
Based on these assumptions, the aim is to describe a new
model for predicting the occurrence of LNM at an earlier time
for breast cancer patients where, at a given time, this association
is known.

Patients/material and methods

DBCG, The Danish Breast Cancer Cooperative Group, was estab-
lished in 1977. By using standard forms, data on breast cancer
patients in Denmark have been collected prospectively since
then. There were data on 68,842 breast cancer patients from the
DBCG database over the years 1995-2012. Patients with prior
neoadjuvant chemotherapy (NACT), with distant metastasis,
locally advanced breast cancer (LABC), unknown nodal status,
and patients with tumor size registered as 0 mm or larger than
99 mm were excluded. We thus included 59,400 patients
who had primary surgery for early breast cancer (Figure 1
flow-chart).

The data from DBCG include age, time of treatment (year),
menopausal status, tumor size (diameter), lymph node status
(number of positive nodes), localization in breast, focality,
histological type, grade, estrogen receptor (ER) status, lympho-
vascular invasion (LVI), and type of surgery. HER2 receptor status
was available for only 48% of the patients, as HER2 status was
first implemented in Denmark in 2007.

The relationship between the tumor size and lymph node
status is described. Tumor size was categorized in groups as
follows: < 5 mm, 5-9 mm, 10-14 mm, 15-19 mm, 20-24 mm,
25-29 mm, 30-34 mm, 35-39 mm, 40-44 mm, 45-49 mm, and
> 50 mm. For each size group, the number of metastatic lymph
nodes is given as percentiles.

Statistics

Data are presented as proportions with percent in parenthe-
ses. Associations between various independent patient char-
acteristics and tumor variables and LNM (yes/no) as the
dependent predictors were analyzed through univariate and
multivariate logistic regression and presented as odds ratios
with 95% confidence intervals. For statistical analysis, the Stata
17 statistical package was used (StataCorp. 2021. Stata
Statistical Software: Release 17. College Station, TX: StataCorp
LLC).

Study type should be defined with reference to the relevant
EQUATOR guideline.

Breast Cancer

N =68 842

DM =1281

LABC =938

Early Breast Cancer
N =66 623

Nodal Status
Unknown = 5361

Early Breast Cancer
(known nodal status)
N =61 262

NACT =956

Tumor Size =0 mm
N =284

Tumor Size =>99 mm
N =822

Figure 1. Study population.

DM: Distant Metastasis; LABC: Locally Advanced Breast Cancer; Early Breast
Cancer: population of women with breast cancer with no prior chemother-
apy nor systemic treatment; Nodal Status: lymph node status; NACT: Neo
Adjuvant Chemo Therapy.

Results

The population of women with breast cancer over the years
1995-2012 was 68,842. After exclusions, the final cohort con-
tained 59,400 patients, as depicted in Figure 1.



Descriptive data are presented in Table 1. The largest age group
was 50-69 years at the time of surgery, constituting 57.4% of the
population. Of the women in the population, 75% were post-
menopausal and 54% were node negative. Regarding tumor
size, the majority of women had a tumor size of 11-20 mm
(42.1%). The most common histological type was ductal (83.2%),
and most were grade Il (38.4%). Three-quarters (76.7%) of the
tumors were ER positive, and only 2.9% had unknown ER status.
HER2 status was known in 28,496 patients (48.0%). Of those,
16.3% were HER2 positive. 80.8% of the tumors had no lym-
pho-vascular-invasion (LVI). Most tumors were localized in the
upper lateral quadrant (43.3%), and most tumors were unifocal
(77.5%). A little more than half of the population were treated by
mastectomy (51.5%).

Among the 59,400 patients in the present cohort, 27,307
(46.0%) were node positive. Among those, macro-metastasis
(= 2 mm) was present in 38.3% and micro-metastasis (= 0.2 and
<2.0mm)inonly 7.7% (Table 2). The proportion of node positive
tumors increased with increasing tumor size. Among the
smallest tumors up to 5 mm in diameter, 18.0% had an LNM as
opposed to 80.2% in tumors larger than 50 mm. The same
pattern was not found for micrometastases. The proportion of
women diagnosed with micro-metastasis was less than 10% in
all tumor size groups up to 50 mm (Table 2).

The occurrence of LNM was almost the same among ER
positive and ER negative tumors, 45.7% and 47.5%, respectively,
but there was a clear tendency toward more node positive
patients with small tumors up to 15 mm among ER negative
tumors, while ER positive tumors 15 mm or above in size had
relatively more LNM (Supplement Figure 1).

The association between node positivity and age is depicted
in Table 3. As shown in Table 3, there was a tendency toward a
lower frequency of nodal disease in the age group 50-75 than
both younger and older patients. A similar pattern was
observed in regard to tumor size. There were smaller tumor
sizes among the ER positive patients in the age group 50-69
years (Supplement Figure 2). In the cohort with known HER2
status, HER2 positive tumors represented 16.3%. HER2 positive
tumors had more LNM: 56.9% versus 44.7% (OR 1.65 [95% ClI
1.54-1.75]).

In univariate logistic regression analysis, significant
associations were found between included clinical variables and
tumor characteristics and the occurrence of node positivity
(Table 4). In the multivariate model, most of the associations
were confirmed, but for ER negativity, a discrepancy was
discovered. The univariate analysis showed a higher risk of LNM
in ER negative patients (OR 1.07 [95% CI 1.03-1.12]) as ER
negative patients, in general, had larger tumors, while the
opposite was found in the multivariate analysis (OR 0.74 [95% Cl
0.71-0.78]). Furthermore, in the multivariate analysis, a positive
correlation was observed for tumor size, higher grade, vascular
invasion, and multifocality. A negative correlation was observed
for ‘other’ histological types. Regarding the localization of the
tumor in the breast, there was a significant difference in the
occurrence of node positivity. Compared with tumors located in

Table 1. Demographic data.

ACTA ONCOLOGICA 1023

Demographic data N %
Age at operation
<40 2,578 4.34
> 40-49 8,946 15.06
> 50-69 34,085 57.38
>70-84 12,492 21.03
> 85 1,299 2.19
59,400 100
Menopause

Pre-menopausal
Post-menopausal
Unknown

Year of surgery
1995-2001
2002-2007
2008-2012

Tumor size (mm)
0-10

11-20

21-30

31-50

51+

Histological type
Ductal

Lobular

Other

Unknown

Grade (ductal and lobular, other/unknown)

|

I

1]
Unknown

Estrogen receptor
Negative (0-9%)
Positive (10-100%)
Unknown

HER2 receptor

14,637 24.68

44,655 75.30
108 0.02
59,400 100

19,837 33.40
19,557 32.93
20,006 33.69
59,400 100

10,613 17.87
25,018 42.12
14,643 24.65

7,216 12.15
1,910 3.22
59,400 100

49,424 83.21

6,510 10.96
3,141 5.29
325 0.55
59,400 100
16,327 27.49

22,788 38.36
12,070 20.32
8,215 13.83
59,400 100

12,080 20.34
45,586 76.74
1,734 292
59,400 100

Normal 23,840 40.13
Positive 4,656 7.84
Unknown 30,904 52.03
59,400 100
Lymphovascular invasion
No 47,975 80.77
Yes 7,715 12.99
Unknown 3,710 6.25
59,400 100
Lymph node status
Node negative 32,093 54.03
Macrometastasis 22,762 38.32
Micrometastasis 4,545 7.65
59,400 100
(Continued)
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Table 1. (Continued) Demographic data.

Demographic data N %
Positive lymph nodes
0 32,096 54.03
1-3 17,821 30.00
4-9 5,937 9.99
10+ 3,546 5.97
59,400 100
Localization of tumor in the breast
Upper lateral 25,736 43.33
Upper medial 8,102 13.64
Lower lateral 6,200 10.44
Lower medial 3,222 542
Central 5,345 9.00
Multiple localization/overlap 10,789 18.16
Unknown 6 0.01
59,400 100
Focality
Multifocal 6,129 10.32
Unifocal 46,023 77.48
Unknown 7,248 12.20
59,400 100
Surgery
Mastectomy 30,581 51.48
BCS 27,870 46.92
BCS and secondary mastectomy 949 1.60
59,400 100

BCS: breast-conserving surgery.

the upper lateral quadrant, centrally located tumors and tumors
in the lower lateral quadrant more often were node positive,
while in tumors located in the medial quadrants, fewer were
detected with metastasis. It is also noticed that patients treated
by breast conservation had nodal spread to a lower degree
than seen in patients treated by mastectomy (OR 0.72 [95%
C10.69-0.75]) (Table 4).

In multiple logistical regression including the HER2 status,
the associations found in the total cohort were confirmed
(Supplementary Table 1 and Supplementary Table 2).
Furthermore, it was shown that HER2 positive tumors had a
slightly increased occurrence of node positivity (OR 1.17 [95%
Cl11.09-1.26)).

Finally, the association between subtypes based on ER and
HER2 was explored in a separate model restricted to patients
with tumors where both receptor-values were known (Table 5).
In this analysis, compared to ER positive and HER2 negative
tumors, a strong negative association between the ER negative
and HER2 negative subtype and node positivity was noticed (OR
0.57 [95% Cl 0.52-0.63]).

From both analysis (Tables 4 and 5), the most striking
observation was the increased odds for LVI (OR 5.16 [95% ClI
4.84-5.52] and OR 5.92 [95% Cl 5.34-6.56], respectively).

In Table 6, the occurrence of LNM (including both micro- and
macro-metastasis) stratified by the tumor size is further
described and presented as percentiles. As it appears, for tumors
up to 19 mm, the median rate of nodal metastasis is 0. For
tumors in the range 20-34 mm, the median is 1 and 2 for tumors
from 35 to 49 mm. For tumors larger than 50 mm, the median
value was 4. Similar information for the individual subtypes is
given in the supplementary material (Supplementary Tables 3-6).

The model for the estimation of lymph node status at an
earlier stage is based on the tabulated percentiles. It is a
prerequisite that for a given tumor, during growth, the
relationship between the size of tumor and the number of LNM
will fall within the same percentile. The correlated values can
therefore be read directly in Table 6 (see also Appendix A).

Discussion and conclusion

Detailed information about the factors that determine the inci-
dence of LNM in early breast cancer is given in this study, com-
prising almost 60000 patients, of whom 46% had LNM.
In summary, the tumor size turned out to be a major discrimi-
nating factor for nodal involvement; for each increase in the
tumor diameter of 1 mm, the proportion of patients with LNM
increased by 5%. In general, the risk of LNM increased with more
aggressive tumor characteristics, and most significantly for LVI,
which increased the risk of LNM by more than 5 times. Patients
with ER negative and HER2 negative tumors, however, stood out
with a decreased proportion of LNM compared with other sub-
types. A significant observation was also an association between
the risk of nodal spread and the localization of the tumor in the
breast, with fewer LNM if the tumor was located medially in the

Table 2. Tumor size and lymph node status. Material restricted to tumors < 100 mm.

Tumor size (mm) Node negative % Macrometastases % Micrometastases % Total %

<5 1,106 81.99 141 10.45 102 7.56 1,349 100
5-9 4,988 82.07 711 11.70 379 6.24 6,078 100
10-14 8,153 68.97 2,660 22.50 1,008 8.53 11,821 100
15-19 7,045 56.80 4,232 34.12 1,127 9.09 12,404 100
20-24 4,703 47.48 4,372 44.14 830 8.38 9,905 100
25-29 2,522 42.27 2,995 50.19 450 7.54 5,967 100
30-34 1,594 37.92 2,350 55.90 260 6.18 4,204 100
35-39 678 30.89 1,388 63.23 129 5.88 2,195 100
40-44 539 27.70 1,295 66.55 112 5.76 1,946 100
45-49 235 27.68 575 67.73 39 4.59 849 100
>50 530 19.76 2,043 76.17 109 4.06 2,682 100
Total 32,093 54.03 22,762 38.32 4,545 7.65 59,400 100
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Table 3. Age and lymph node status.

ACTA ONCOLOGICA 1025

Age Node positive % Node negative % Total %
<40 1,388 53.84 1,190 46.16 2,578 4.34
40-49 4,545 50.80 4,401 49.20 8,946 15.06
50-69 14,928 43.80 19,157 56.20 34,085 57.38
70-84 5,768 46.17 6,724 53.83 12,492 21.03
=85 675 51.96 624 48.04 1,299 2.19
27,304 32,096 59,400 100

breast and more LNM in centrally located tumors. Finally, the risk
of LNM was also found to be lower after breast-conserving
surgery (BCS).

The strength of this study lies in its huge cohort and the large
number of descriptive variables. Since 1977, data from Danish
breast cancer patients have been registered prospectively using
standard forms. Furthermore, all citizens in Denmark have their
own Personal Civil Registration Number, which enables DBCG to
incorporate data, increasing the quality of the registry data.

Table 4. Association between lymph node status and tumor characteristics.

DBCG presents data with a high degree of completeness,
minimizing the risk of bias due to missing variables.

The limitations of this study are few. Only 48% of this cohort
has HER2 status registered as HER2 was introduced in 2007 in
Danish breast cancer tumor profiling. Despite the missing
variables, this study shows a substantial number of patients with
HER2 registration, allowing valid and conclusive data. This data
set is from 1995 to 2012, and we are not concerned that the
results will have changed significantly since then. We believe

Variable Univariate logistic regression Multivariate logistic regression
OR 95% Cl OR 95% Cl

Tumor localization Upper lateral 1 1

Upper medial 0.55 0.52-0.58 0.57 0.54-0.61

Lower lateral 1.04 0.98-1.10 1.12 1.05-1.19

Lower medial 0.77 0.72-0.83 0.88 0.81-0.95

Central 1.94 1.83-2.06 1.35 1.26-1.45

Multiple regions 1.01 0.96-1.05 0.98 0.93-1.03

Unknown 2.29 0.42-12.48 1.87 0.32-10.93
Tumor size (mm) Cont. variable 1.06 1.06-1.06 1.05 1.05-1.06
Age Cont. variable 0.99 0.99-1.00 0.99 0.99-0.99
Surgery Mastectomy 1 1

Lumpectomy 0.43 0.41-0.44 0.72 0.69-0.75

Mastectomy after 0.92 0.81-1.05 0.99 0.85-1.14

lumpectomy
Menopause Pre-menopausal 1 1

Postmenopausal 0.79 0.76-0.82 0.99 0.94-1.06

Unknown 0.70 0.22-2.21 0.79 0.20-3.07
Estrogen receptor (ER) ER pos 1 1

ER neg 1.07 1.03-1.12 0.74 0.71-0.78

Unknown 0.89 0.81-0.98 0.82 0.73-0.91
Histological type Ductal 1 1

Lobular 0.98 0.93-1.03 0.97 0.91-1.03

Other 0.38 0.35-0.42 0.74 0.65-0.83

Unknown 0.88 0.71-1.10 1.39 1.08-1.80
Malignancy Grade | 1 1

1l 1.74 1.67-1.80 1.27 1.21-1.32

11 2.04 1.95-2.14 1.19 1.12-1.25

Unknown 0.82 0.78-0.87 0.66 0.60-0.71
Vascular invasion None 1 1

Vascular invasion 7.56 7.10-8.05 5.16 4.84-5.52

Unknown 1.26 1.18-1.35 1.35 1.23-1.48
Focality Unifocal 1 1

Multifocal 1.96 1.85-2.07 1.44 1.36-1.54

Unknown 0.84 0.80-0.83 0.84 0.79-0.90

OR: odds ratio; Cl: confidence interval.

Univariate and multivariate logistic regression. HER2 status not included in the analysis.

N = 59,400.
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Table 5. Association between lymph node status and tumor characteristics.

Variable Multivariate logistic
regression
OR 95% Cl

Tumor localization Upper lateral 1

Upper medial 0.57 0.52-0.63

Lower lateral 1.06 0.97-1.17

Lower medial 0.97 0.86-1.09

Central 1.28 1.15-1.42

Multiple regions 0.89 0.83-0.95

Unknown - -
Tumor size (mm) Cont. variable 1.06 1.05-1.06
Age Cont. variable 0.99 0.98-0.99
Surgery Mastectomy 1

Lumpectomy 0.63 0.59-0.67

Mastectomy after 1.03 0.83-1.26

lumpectomy
Menopause Pre-menopausal 1

Postmenopausal 0.95 0.87-1.04

Unknown 0.56 0.08-3.80
Histological type Ductal 1

Lobular 0.79 0.72-0.86

Other 0.88 0.72-1.07

Unknown 1.25 0.82-1.92
Malignancy Grade | 1

Il 1.21 1.13-1.29

1l 1.10 1.00-1.20

Unknown 0.58 0.49-0.68
Vascular invasion None 1

Vascular invasion 5.92 5.34-6.56

Unknown 1.59 1.29-1.95
Focality Unifocal 1

Multifocal 1.30 1.18-1.42

Unknown 0.74 0.68-0.80
Subtype ER pos, HER2 neg 1

ER pos, HER2 pos 0.97 0.89-1.07

ER neg, HER2 pos 0.96 0.86-1.08

ER neg, HER2 neg 0.57 0.52-0.63

ER: estrogen receptor; OR: odds ratio; Cl: confidence interval.
Univariate and multivariate logistic regression for patients with known ER

and HER2 status. Stratified for subtypes.

N =28,298.

Table 6. Number of metastatic lymph nodes stratified by tumor size.

that the associations and conclusions drawn from these data
will be the same despite the fact that treatment might have
changed over time.

The most important prognostic factor in breast cancer
patients is LNM. This study has confirmed that the tumor size is
an important factor for the risk of developing axillary metastasis.
The larger the tumor, the higher the risk of axillary metastasis.

Sopik et al. [16] examined 819,647 women from the
database Surveillance, Epidemiology and End Results (SEER)
and also found a correlation between the increasing tumor
size and LNM at the time of diagnosis. They reported on tumor
sizes between 1 and 150 mm at the time of diagnosis and
found that the risk of LNM increased proportionally to tumor
size. They found that 32.3% were lymph node positive at the
time of diagnosis (among patients with known lymph node
status, 264,027) as opposed to 46% in our study. Unlike our
study, Sopik et al. [16] included macrometastases only as they
identified lymph nodes < 200 individual cells or < 0.2 mm as
NO/node negative. In our study, 38.3% of the 46% had
macrometastases.

There are similarities between this study and the study by
Sopik et al. [16] Among tumors < 10 mm, there were 11.5% node
positive in our study. In the SEER population, the proportion was
around 11%. We cannot rule out that this present study reports
on too many small tumors with LNM. Even though we have
excluded patients with a tumor size of 0 mm, it could be that
some ‘occult breast cancers’ diagnosed because of the LNM has
been registered with small tumor sizes < 5 mm.

Tumor size is measurable and predictable in growth over
time as shown in prior studies [10, 12]. Development in lymph
node status, on the other hand, is less predictable. There are
several published studies, where models for predicting a general
risk for LNM based on tumor size, tumor biology, and patient
characteristics are presented [1, 9, 15, 17]. Even though such
studies can estimate the risk of developing LNMs over time, they
cannot be used for estimating the individual patient’s risk of
having metastases at an earlier time, which is very relevant for
evaluating the consequence of delayed diagnosis and treatment
of breast cancer in insurance cases.

Tumor diameter (mm) Percentiles

10 20 30 40 50 60 70 80 90
<5 0 0 0 0 0 0 0 1 1
5-9 0 0 0 0 0 0 0 0 1
10-14 0 0 0 0 0 0 1 1 2
15-19 0 0 0 0 0 1 1 2 4
20-24 0 0 0 0 1 1 2 3 6
25-29 0 0 0 0 1 1 2 4 8
30-34 0 0 0 1 1 2 3 5 10
35-39 0 0 0 1 2 2 4 7 12
40-44 0 0 1 1 2 3 5 8 14
45-49 0 0 1 1 2 4 6 9 14
>50 0 1 1 2 4 6 9 12 17

Both micro- and macrometastases included.

N =59,400.



Based on data from the present study, it is possible in a rather
simple way to estimate the nodal status at an earlier time in
patients where diagnosis and treatment has been delayed. See a
description of the model in Appendix A. Such a model must, of
course, be used with caution when starting from an individual
patient. However, the fact that it is possible to distinguish
between different tumor characteristics (ER positive-HER2
negative, ER positive - HER2 positive, ER negative - HER2
postitive, and ER negative - HER2 negative) makes it possible to
adapt the model more precisely to the individual situation
(Appendix A). Still, one has to be aware that the model depends
on the ability to calculate the tumors’ growth.

Our results also confirm what is already known from several
studies including Greer et al. [9] and Malter et al. [18] that LVIis a
strong independent predictor for LNM. Furthermore, the present
study indicates that the risk of detecting LNM depends on the
localization of the tumor in the breast. Thus, patients with
tumors located in the upper medial quadrant were less often
diagnosed with LNM, whereas patients with centrally located
tumors were more often diagnosed with metastases. Bevalicqua
et al. [19, 20], Yoshira et al. [1], and Lohrisch et al. [21] have
reported similar findings. They all point to an alternative
lymphatic route, leading to the parasternal lymph nodes as an
explanation. This might indicate that some LNM is under-
detected in these patients, and thereby these patients are
wrongly stated and undertreated. This goes well with their
findings of a higher mortality among these patients. We are not
able to add further evidence to that, as we have no survival data,
but if their observations can be confirmed, which we will try to
do in a future study, then it might be relevant to include tumor
localization into the treatment algorithms for axillary node
negative patients with breast cancer.

ER negative and HER2 negative patients had a much lower
risk of LNM than other subtypes. The data also showed that
HER2 positivity was an independent risk factor for LNM tumors,
although it was rather weak (increased risk 17%). Very similar
results were found by Holm-Rasmussen et al. [8] who examined
more than 20,000 women diagnosed with primary breast cancer.
Women with both micro-metastasis and macro-metastasis were
classified as lymph node positive in their study. Holm-Rasmussen
[8] also looked at the subtypes based on ER and HER2 receptors
and like us found a significantly decreased risk of LNM in patients
with ER negative and HER2 negative tumors, but, unlike us, they
also found an increased risk in ER negative and HER2 positive
tumors. We are not able to explain why the results are somewhat
different in the two studies, other than it might be related to
different population sizes.

We found that patients undergoing BCS versus mastectomy
had a lower risk of LNM (OR 0.72 [95% Cl 0.69-0.75]). This might
indicate that in some patients who undergo BCS, LNMs are
missed at the operation. The access to the axilla is more difficult
when performed together with BCS than in connection with
mastectomy. Therefore, it is, at least in theory, possible that
smaller LNMs are not detected in relation to axillary exploration
through axillary clearance or SN biopsy. On the other hand, if
this happens, it seems not to influence the prognosis. Several
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studies, including a large DBCG study [22], have shown that the
survival after BCS is at least as good if not better than after
mastectomy.

Tumor size is a major determinant for LNM in breast cancer,
but there is no lower limit of tumor size for LNM. The risk of LNM
is increased in more aggressive tumors and most significantly
for LVI, which increases the risk by more than five times. Patients
with ER negative and HER2 negative tumors have less often LNM
compared to other subtypes. Based on our data, we present a
model for estimating nodal status in patients where diagnosis
and treatment has been delayed. Such estimates should though
be interpreted with caution in the individual case, as the tumor
growth rate may vary.

Acknowledgments

There are no acknowledgements, funding, and grants.

Conflicts of interest

The authors report there are no competing interests to declare.

Data availability statement

Data are not publicly available due to Danish law.

Ethics declarations & trial registry information

The National Danish Data Protection Agency has approved this
study.

Author contributions

Peer M. Christiansen contributed to conception and study
design; Peer M. Christiansen, Marianne D. Lautrup, and Tanja L.
Fris involved in material preparation; Peer M. Christiansen and
Tanja L. Fris contributed to data collection; Peer M. Christiansen
contributed to data management and statistics; Peer M.
Christiansen, Marianne D. Lautrup, and Tanja L. Fris contributed
to analysis; Tanja L. Fris, Marianne D. Lautrup, and Peer M.
Christiansen contributed to drafting the manuscript; Tanja L. Fris,
Marianne D. Lautrup, and Peer M. Christiansen interpreted the
data, revised, and approved the final version.

References

[1 Yoshihara E, Smeets A, Laenen A, Reynders A, Soens J, Ongeval CV,
etal. Predictors of axillary lymph node metastases in early breast can-
cer and their applicability in clinical practice. Breast. 2013;22:357-61.
https://doi.org/10.1016/j.breast.2012.09.003

[2] Fields RC, Jeffe DB, Deshpande AD, Feunou F, Krishna N, Margenthaler
JA. Predictors of axillary lymph node involvement in women with
T3 breast cancers: analysis of 1988-2003 SEER Data. J Surg Res.
2010;161:183-9. https://doi.org/10.1016/j.js5.2009.08.014

[3] Cortesi L, Marcheselli L, Guarneri V, Cirilli C, Braghiroli B, Toss A, et al.
Tumor size, node status, grading, HER2 and estrogen receptor status


https://doi.org/10.2340/1651-226X.2025.43380
https://doi.org/10.2340/1651-226X.2025.43380
https://doi.org/10.1016/j.breast.2012.09.003
https://doi.org/10.1016/j.jss.2009.08.014

1028 T.L.FRISETAL.

9l

[10]

[11]

[12]

[13]

still retain a strong value in patients with operable breast cancer
diagnosed in recent years. Int J Cancer. 2013;132:E58-65. https://doi.
org/10.1002/ijc.27795

Takada K, Kashiwagi S, Asano Y, Goto W, Kouhashi R, Yabumoto A,
et al. Prediction of lymph node metastases by tumor-infiltrating
lymphocytes in T1 breast cancer. BMC. 2020;20:598. https://doi.
org/10.1186/512885-020-07101-y

Elleson KM, Englander K, Gallagher J, Chintapallly N, Sun W, Whiting
J, et al. Factors predictive of positive lymph nodes for breast
cancer. Curr Oncol. 2023;30:10351-62. https://doi.org/10.3390/
curroncol30120754

Tresserra F, Rodriguez |, Garcia-Yuste M, Grases PJ, Ara C, Fabregas R.
Tumor size and lymph node status in multifocal breast cancer. Breast J.
2007;13(1):68-71. https://doi.org/10.1111/j.1524-4741.2006.00365.x
Bucchi L, Barchielli A, Ravaioli A, Federico M, Lisi VD, Ferretti S, et al.
Screen-detected vs clinical breast cancer: the advantage in the relative
risk of lymph node metastases decreases with increasing tumor size.
Br J Cancer. 2005;92:156-61. https://doi.org/10.1038/sj.bjc.6602289
Holm-Rasmussen EV, Jensen M, Balslev E, Kroman N, Tvedskov T.
Reduced risk of axillary lymphatic spread in triple-negative breast
cancer. Breast Cancer Res Treat. 2015;149:229-36. https://doi.
org/10.1007/510549-014-3225-y

Greer LT, Rosman M, Mylander C, Liang W, Buras RR, Chagpar AB, et al.
A prediction model for the presence of axillary lymph node involve-
ment in women with invasive breast cancer: a focus on older women.
Breast J. 2014;20(2):147-53. https://doi.org/10.1111/tbj.12233

Peer PGM, Dijck JAAM, Hendriks JHCL, Holland R, Verbeek ALM.
Age-dependent growth rate of primary breast cancer. Cancer.
1993;71:3547-51. https://doi.org/10.1002/1097-0142(19930601)71:
11<3547::AID-CNCR2820711114>3.0.CO;2-C

Meretoja TJ, Heikkila PS, Mansfield AS, Cserni G, Ambrozay E,
Boross G, et al. A predictive tool to estimate the risk of axillary
metastases in breast cancer patients with negative axillary ultra-
sound. Ann Surg Oncol. 2014;21:2229-36. https://doi.org/10.1245/
5$10434-014-3617-6

Mehrara E, Forssell-Aronsson E, Ahlman H, Bernhardt P. Specific
growth rate versus doubling time for quantitative characterization
of tumor growth rate. Cancer Res. 2007;67(8):3970-5. https://doi.
org/10.1158/0008-5472.CAN-06-3822

Tvedskov T, Jensen M, Balslev E, Kroman N. Robust and validated
models to predict high risk of non-sentinel node metastases in
breast cancer patients with micrometastases or isolated tumor cells
in the sentinel node. Acta Oncol. 2014;53:209-15. https://doi.org/

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

10.3109/0284186X.2013.806993

Meretoja TJ, Strien L, Heikkila PS, Leidenius MHK. A simple nomo-
gram to evaluate the risk of nonsentinel node metastases in breast
cancer patients with minimal sentinel node involvement. Ann Surg
Oncol. 2012;19:567-76. https://doi.org/10.1245/s10434-011-1882-1
Isheden G, Czene K, Humphreys K. Random effects models of lymph
node metastases in breast cancer: quantifying the roles of covariates
and screening using a continous growth model. Biometric Pract.
2022;78:376-87. https://doi.org/10.1111/biom.13430

Sopik V, Narod SA. The relationship between tumour size, nodal sta-
tus and distant metastases: on the origins of breast cancer. Breast
Cancer Res Treat. 2018;170(3):647-56. https://doi.org/10.1007/
510549-018-4796-9

Bevilacqua JLB, Kattan MW, Fey JV, Cody Il HS, Borgen PI, Zee KJ.
Doctor, what are my chances of having a positive sentinel
node? A validated nomogram for risk estimation. J Clin Oncol.
2007;25(24):3670-9. https://doi.org/10.1200/JC0.2006.08.8013
Malter W, Hellmich M, Badian M, Kirn V, Mallmann P, Kramer S. Factors
predictive of sentinel lymph node involvement in primary breast
cancer. Anticancer Res. 2018;38:3657-62. https://doi.org/10.21873/
anticanres.12642

Bevilacqua JLB, Gucciardo G, Cody Il HS, MacDonald KA, Sacchini V,
Borgen P, et al. A selection algorithm for internal mammary senti-
nel lymph node biopsy in breast cancer. Eur J Surg Oncol. 2002;28:
603-14. https://doi.org/10.1053/ejs0.2002.1269

Bevilacqua JLB, Cody Il HS, MacDonald KA, Tan LK, Borgen PI, Zee KJ.
A model for predicting axillary node metastases based on 2000
sentinel node procedures and tumour position. Eur J Surg Oncol.
2002;28:490-500. https://doi.org/10.1053/ejs0.2002.1268

Lohrisch C, Jackson J, Jones A, Mates D, Olivotto IA. Relationship
between tumor location and relapse in 6,781 women with early
invasive breast cancer. J Clin Oncol. 2000;18(15):2828-35. https://
doi.org/10.1200/JC0.2000.18.15.2828

Christiansen P, Carstensen SL, Ejlertsen B, Kroman N, Offersen B,
Bodilsen A, et al. Breast conserving surgery versus mastectomy:
overall and relative survival — a population based study by the
Danish Breast Cancer Cooperative Group (DBCG). Acta Oncolol. 2018
Jan; 57(1): 19-25. https://doi.org/10.1080/0284186X.2017.1403042
Nakashima K, Uematsu T, Takahashi K, Nishimura S, Tadokoro Y,
Hayashi T, et al. Does breast cancer growth rate really depend on
tumor subtype? Measurement of tumor doubling time using serial
ultrasonography between diagnosis and surgery. Breast Cancer.
2019;26(2):206-14. https://doi.org/10.1007/s12282-018-0914-0


https://doi.org/10.1002/ijc.27795
https://doi.org/10.1002/ijc.27795
https://doi.org/10.1186/s12885-020-07101-y
https://doi.org/10.1186/s12885-020-07101-y
https://doi.org/10.3390/curroncol30120754
https://doi.org/10.3390/curroncol30120754
https://doi.org/10.1111/j.1524-4741.2006.00365.x
https://doi.org/10.1038/sj.bjc.6602289
https://doi.org/10.1007/s10549-014-3225-y
https://doi.org/10.1007/s10549-014-3225-y
https://doi.org/10.1111/tbj.12233
https://doi.org/10.1002/1097-0142(19930601)71:11<3547::AID-CNCR2820711114>3.0.CO;2-C
https://doi.org/10.1002/1097-0142(19930601)71:11<3547::AID-CNCR2820711114>3.0.CO;2-C
https://doi.org/10.1245/s10434-014-3617-6
https://doi.org/10.1245/s10434-014-3617-6
https://doi.org/10.1158/0008-5472.CAN-06-3822
https://doi.org/10.1158/0008-5472.CAN-06-3822
https://doi.org/10.3109/0284186X.2013.806993
https://doi.org/10.3109/0284186X.2013.806993
https://doi.org/10.1245/s10434-011-1882-1
https://doi.org/10.1111/biom.13430
https://doi.org/10.1007/s10549-018-4796-9
https://doi.org/10.1007/s10549-018-4796-9
https://doi.org/10.1200/JCO.2006.08.8013
https://doi.org/10.21873/anticanres.12642
https://doi.org/10.21873/anticanres.12642
https://doi.org/10.1053/ejso.2002.1269
https://doi.org/10.1053/ejso.2002.1268
https://doi.org/10.1200/JCO.2000.18.15.2828
https://doi.org/10.1200/JCO.2000.18.15.2828
https://doi.org/10.1080/0284186X.2017.1403042
https://doi.org/10.1007/s12282-018-0914-0

