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Abstract Invasive lobular carcinoma (ILC) accounts for
8—14% of all breast cancers and carries distinct prognostic
and biologic implications. The goal of our study was to
investigate the impact of lobular histology on axillary
lymph node (ALN) involvement. This is a cross-sectional
study of 4,292 consecutive patients surgically treated for
breast carcinoma at the University Hospitals Leuven.
Logistic regression analysis was used to relate ILC to
lymph node involvement while controlling for the follow-
ing clinicopathologic features: tumor size, multifocal dis-
ease, tumor grade, lobular subtype and the combined
steroid, and Her-2 status. Odds ratios (ORs) and 95%
confidence intervals (CIS) were computed. A subgroup
analysis was performed for patients that underwent a
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sentinel lymph node (SLN) procedure. The observed inci-
dence of ILC was 13%. ILCs were larger, were more often
grade II, multifocal, steroid receptor positive and Her-2
negative, and tended to be present in older patients. Inci-
dence of ALN involvement was 42.0% for ILCs versus
38.3% for other tumors (OR 1.17, 95% CI 0.97-1.40). For
the SLN subgroup, ILCs were less often ALN positive than
non-ILCs (20.5% versus 28.3%, OR 0.66, 95% CI:
0.41-1.00). In the multivariable analysis, the lobular sub-
type was identified as less likely to have ALN involvement
(adjusted OR 0.66, 95% CI 0.53-0.82). The analysis for the
SLN subgroup showed comparable results (adjusted OR
0.49, 95% CI 0.30-0.78). This study has demonstrated that
the lobular subtype is an independent predictor of lymph
node involvement with ILC having a lower incidence of
involved lymph nodes. The mildly higher incidence of
ALN metastasis in lobular cancers in univariable analysis
is not due to the lobular subtype, but due to confounding
factors that interact with lymph node involvement.
Keywords Invasive lobular carcinoma - Breast cancer -
Lymph node

Introduction

Lymph node involvement is the most important prognostic
factor in breast cancer. It is a multifactorial event deter-
mined by tumor and patient characteristics. Variables
associated with lymph node metastasis are tumor size,
grade, lymphovascular invasion (LVI), multifocality,
estrogen receptor (ER), progesterone receptor (PR), and
HER-2 status [1].

Invasive lobular carcinoma (ILC) is the second most
common type of invasive breast cancer after invasive
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ductal carcinoma and accounts for 8-14% of all breast
cancer cases [2, 3]. ILC is characterized by small, round
cells which infiltrate both the stroma in an Indian file
pattern and the adipose tissue without desmoplastic reac-
tion, which makes early diagnosis challenging [2]. Absence
of E-cadherin expression is considered as a characteristic
of ILC [3]. The diagnosis of ILC carries distinct prognostic
and biologic implications. Differences in clinical behavior
between ILCs and invasive ductal carcinomas have been
reported [2—7]. ILCs have a propensity for multifocal and
multicentric distribution but also for bilateralism and a
particular pattern of metastatic spread. The incidence of
ILC is increasing, especially among postmenopausal
women using hormone replacement therapy.

The goal of our study was to investigate the impact of
lobular histology on lymph node involvement.

Patients and methods
Design, setting, and patients

This was a retrospective cross-sectional study based on
data from patients of the Multidisciplinary Breast Centre of
the University Hospitals Leuven, Belgium. This database
contains data on 4,486 female patients with a primary
operable invasive breast cancer from the period between
2000 and 2009. Exclusion criteria were (1) patients who
had neoadjuvant systemic therapy (2) patients who never
had breast cancer surgery (3) patients whose pathologic
assessment was not performed in the University Hospitals
Leuven (4) patients with primary metastatic disease. Of the
4,486 patients satisfying these criteria, 19 were ER nega-
tive and PR positive. We excluded these patients because
there is controversy regarding such tumors. There were 175
patients (3.9% of 4,467) with missing data for one or more
of the studied variables, most often due to lack of sufficient
tumor tissue for correct pathologic assessment of molecular
markers. These tumors were excluded for analysis, result-
ing in a dataset of 4,292 tumors. Patients that underwent a
sentinel lymph node (SLN) procedure (n = 1,506) were
defined as a subgroup for which a separate analysis was
performed following the analysis on all patients.

Variables studied

The following variables were examined: age at diagnosis,
maximal microscopic tumor size (largest diameter), his-
tology (ILC vs. non-ILC), worst tumor grade, multifocal
disease, axillary lymph node (ALN) status, and the com-
bined ER, PR, and HER-2/neu status. Histology and mul-
tifocal disease were analyzed as dichotomous variables, the
combined receptor status as six-level categorical.
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Determination of tumor grading and ER, PR, and HER-2/
neu status was done according to established procedures,
which have been described in more detail elsewhere [8]. A
breast cancer was allocated to the lobular subtype if more
than 90% of the tumor mass harbored morphological fea-
tures of the lobular type; this was always confirmed by lack
of E-cadherin expression. Tumors with mixed ductal and
lobular phenotype were considered as non-ILC. Tumors
with a lobular growth pattern with an E-cadherin-positive
phenotype were classified as non-ILCs. In case of multi-
focal disease, the largest tumor was used for size and his-
totype. In case of bilateral breast cancer, both sides were
included as separate tumors.

Lymph nodes in an ALN dissection were examined by
H&E staining using three sections per node; according to
published guidelines, lymph nodes from lobular breast
cancers classified as lymph node negative on H&E were
additionally stained with epithelial markers. SLN was
routinely examined by serial sectioning and IHC. Isolated
tumor cells were classified as lymph node negative.

Statistical analysis

First, ILC and non-ILC tumors are compared with respect to
grade, combined receptor status, multifocality, age at diag-
nosis, and tumor size. Kendall’s tau test was used for tumor
grade, the Mann—Whitney test (i.e., Wilcoxon rank sum) for
age and tumor size, and likelihood ratio chi-square tests for
the categorical variables. Then, univariable relationships
with ALN are investigated using odds ratios (ORs) with 95%
CIs. Finally, a multivariable logistic regression model is
constructed to assess the independent relationships with
ALN using adjusted OR and 95% CIs. Covariates included in
the multivariable analysis were age, tumor size, multifocal
disease, tumor grade, and the combined ER, PR, and Her-2
status. Linearity for the continuous predictor variables (age,
tumor size and tumor grade) was investigated using gen-
eralized additive models based on smoothing splines [9].
Goodness-of-fit was assessed using calibration plots that
indicate the accuracy of the estimated probabilities of ALN
involvement. All analyses were performed using Design
package in R version 2.8.1 (www.r-project.org) and using
SAS version 9.2 (SAS Institute, Cary, NC, USA).

Results

Univariable analysis

The incidence of ILC observed in this study was 13%.
Table 1 summarizes the patients and tumor characteristics

according to the histologic subtype. There were several
apparent differences in tumor characteristics between ILCs
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cT}?:;Lectleri}s) Sgsfcggfdfﬁlgng e Variable Statistic ILC Non-ILC P
histologic subtype Grade
1 N (col %) 7 (1.3) 633 (17.0) <0.001*
2 N (col %) 476 (85.5) 1,445 (38.7)
3 N (col %) 74 (13.3) 1,657 (44.4)
ER, PR, HER-2
ER—, PR—, Her-2— N (col %) 7 (1.3) 419 (11.2) <0.001
ER—, PR—, Her-2+ N (col %) 4(0.7) 181 (4.9)
ER+, PR—, Her-2— N (col %) 56 (10.1) 347 (9.3)
ER+, PR—, Her-2+ N (col %) 2 (0.4) 89 (2.4)
ER+, PR+, Her-2— N (col %) 475 (85.3) 2,502 (67.0)
ER+, PR+, Her-2+ N (col %) 13 (2.3) 197 (5.3)
Multifocality N (col %) 88 (15.8) 374 (10.0) <0.001
Age (years) Median (IQR) 59 (50-68) 57 (49-67) 0.001°
* Kendall’s tau test ) . b
Tumor size (mm) Median (IQR) 30 (17-50) 20 (14-30) <0.001

® Wilcoxon rank sum test

and non-ILCs. ILCs were more often grade II, had larger
tumor sizes, were more often multifocal, tended to be
present in older patients, and are more frequently ER+/
PR+/Her-2—.

The results of the univariable prediction of ALN
involvement are shown in Table 2. ILCs were slightly
more likely to have ALN involvement compared to non-
ILCs (42.0% vs. 38.3%; OR = 1.17; 95% CI: 0.97-1.40).
The overall frequency of lymph node metastasis was 39%.
The following factors were univariably related to a higher

Table 2 Univariable prediction of ALN involvement

probability of lymph node involvement: high tumor grade,
larger tumor size, multifocal disease, and a ER—/PR—/Her-
2+ or ER+/PR+/Her-2+ profiles. No strong effect of age
at breast cancer diagnosis on ALN involvement was
observed.

The univariable analyses were repeated for the subgroup
of 1,506 patients that underwent a SLN biopsy, as shown in
Table 3. In this subgroup analysis, ILCs were less likely
ALN positive than non-ILCs (20.5% vs. 28.3%;
OR = 0.65, 95% CI: 0.41-1.00). The tumor diameter in

Variable Statistic LN+ LN— OR of LN+ (95% CI) P
Histology
ILC N (row %) 234 (42.0) 323 (58.0) ILC vs. non-ILC: 0.093
Non-ILC N (row %) 1,430 (38.3) 2,305 (61.7) 1.17 (0.97-1.40)
Grade
1 N (row %) 161 (25.2) 479 (74.8) Vs. grade 1: <0.001
2 N (row %) 720 (37.5) 1,201 (62.5) 1.78 (1.46-2.19)
3 N (row %) 783 (45.2) 948 (54.8) 2.46 (2.01-3.01)
ER, PR, HER-2
ER—, PR—, Her-2— N (row %) 148 (34.7) 278 (65.3) Vs. ER— PR— Her-2—: 0.005
ER—, PR—, Her-2+ N (row %) 86 (46.5) 99 (53.5) 1.63 (1.15-2.32)
ER+ PR— Her-2— N (row %) 149 (37.0) 254 (63.0) 1.10 (0.83-1.46)
ER+, PR—, Her-2+ N (row %) 34 (37.0) 57 (63.0) 1.12 (0.70-1.78)
ER+, PR+, Her-2— N (row %) 1,145 (38.5) 1,832 (61.5) 1.17 (0.95-1.46)
ER+, PR+, Her-2+ N (row %) 102 (48.6) 108 (51.4) 1.77 (1.27-2.49)
Multifocal
Unifocal N (row %) 1,448 (37.8) 2,382 (62.2) Multi- vs. unifocal: <0.001
Multifocal N (row %) 216 (46.8) 246 (53.3) 1.44 (1.19-1.75)
Age Median (IQR) 56 (48-66) 58 (49-67) 0.97 per 10 year (0.92-1.02) 0.174
Tumor size (mm) Median (IQR) 30 (20-45) 19 (12-26) 1.52 per cm <0.001
(1.46-1.59)
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Table 3 Univariable prediction of ALN involvement for SLN patients only

Variable Statistic LN+ LN— OR of LN+ (95% CI) P
Histology
ILC N (row %) 27 (20.5) 105 (79.5) ILC vs. non-ILC: 0.056
Non-ILC N (row %) 389 (28.3) 985 (71.7) 0.65 (0.41-1.00)
Grade
1 N (row %) 81 (25.4) 238 (74.6) Vs. grade 1: 0.429
2 N (row %) 191 (27.3) 508 (72.7) 1.11 (0.82-1.50)
3 N (row %) 144 (29.5) 344 (70.5) 1.23 (0.90-1.70)
ER, PR, HER-2
ER—, PR—, Her-2— N (row %) 27 (20.5) 105 (79.6) Vs. ER— PR— Her-2—: 0.309
ER—, PR—, Her-2+ N (row %) 10 (29.4) 24 (70.6) 1.62 (0.67-3.73)
ER+, PR—, Her-2— N (row %) 36 (27.7) 94 (72.3) 1.55 (0.88-2.75)
ER+, PR—, Her-2+ N (row %) 4 (15.4) 22 (84.6) 0.71 (0.20-2.04)
ER+, PR+, Her-2— N (row %) 320 (28.6) 798 (71.4) 1.57 (1.02-2.48)
ER+, PR+, Her-2+ N (row %) 19 (28.8) 47 (71.2) 1.57 (0.79-3.10)
Multifocal
Unifocal N (row %) 380 (27.1) 1,020 (72.9) Multi- vs. unifocal: 0.131
Multifocal N (row %) 36 (34.0) 70 (66.0) 1.38 (0.90-2.09)
Age Median (IQR) 57 (50-65) 57 (49-66) 1.02 per 10 year (0.92-1.12) 0.656
Tumor size (mm) Median (IQR) 20 (15-25) 15 (10-20) 1.53 per cm (1.37-1.72) <0.001

the SLN subgroup was significantly smaller than in the
non-SLN group with a median tumor size of 17 mm versus
25 mm, respectively (P < 0.001). Apart from the obvious
loss in statistical power, the univariable ORs of age at
diagnosis, tumor size, and multifocal disease were com-
parable to those obtained on all patients. The effect of
grade was weaker. The effect of combined receptor status
was difficult to compare given the large number of small
counts for the SLN subgroup (Table 3).

Multivariable logistic regression

Multivariable analyses were performed using a logistic
regression model to determine whether ILC is an inde-
pendent predictive factor for lymph node involvement.

The results of the regression model and corresponding
adjusted ORs are presented in Table 4. The multivariable
model identified the lobular subtype as less likely to have
ALN involvement. The OR for ILCs versus non-ILCs is
0.66 (95% CI: 0.53-0.82) in the multivariable model. The
predicted risks of ALN involvement for ILC and non-ILC
tumors are illustrated in Fig. 1. The plot shows the risk by
tumor size while fixing the other covariates at their overall
median values: grade 2, unifocal, ER+/PR-+/Her-2—
tumors for patients who were 58-year old at diagnosis. The
plot clearly illustrates that ILC tumors have a smaller
chance of ALN involvement.

Multivariable analysis of the subgroup that underwent a
SLN procedure confirms the significant lower probability
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of ALN involvement in ILC tumors as well (OR = 0.49;
95% CI: 0.30-0.78). The results are presented in Table 4.

Discussion

The incidence of ILCs observed in our series of 4,292
breast tumors (13%) is in accordance with the incidence
range of 8-14% reported in the literature [2].

Largely in agreement with other series, patient and
tumor characteristics at diagnosis are different for ILC than
for non-ILC [2—4, 6, 7, 10]. ILCs are larger at diagnosis,
more often grade II, more often multifocal, are frequently
ER+, PR+, Her-2—, and tend to present in older patients
(Table 1). A lower proliferative rate and the lack of a
desmoplastic reaction may make ILC impalpable or
invisible, explaining why ILC tends to present at older age
and as a larger tumor than non-ILCs [3].

We observed more ALN involvement in ILC tumors
compared to non-ILC tumors (42.0% vs. 38.3%). Prior
series comparing lobular and non-lobular tumors are not
consistent regarding the incidence of lymph node
involvement in lobular tumors. The largest published series
including 263,408 patients from SEER database are in line
with our results while a large series from Bayer College
including 4,140 ILCs and 45,169 IDCs showed no differ-
ence in the incidence of lymph node involvement between
both groups. Sastre even found a lower incidence of
involved lymph nodes in lobular tumors.
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Table 4 Multivariable logistic regression predicting ALN involvement for all patients and for the SLN patients separately

Variable All patients SLN subgroup
Coefficient OR (95% CI) P Coefficient OR (95% CI) P

ILC —0.421 0.66 (0.53-0.82) <0.001 —0.722 0.49 (0.30-0.78) 0.003
Grade

1 Reference level Reference level

2 0.314 1.37 (1.10-1.71) <0.001 0.091 1.10 (0.80-1.51) 0.714

3 0.550 1.72 (1.38-2.18) 0.151 1.16 (0.81-1.67)
ER, PR, HER-2

ER—, PR—, Her-2— Reference level 0.005 Reference level 0.183

ER—, PR—, Her-2+ 0.436 1.55 (1.06-2.25) 0.516 1.68 (0.67-3.98)

ER+, PR—, Her-2— 0.350 1.42 (1.04-1.94) 0.557 1.75 (0.95-3.23)

ER+, PR—, Her-2+ 0.219 1.25 (0.76-2.03) —0.313 0.73 (0.20-2.15)

ER+, PR+, Her-2— 0.415 1.51 (1.19-1.93) 0.571 1.77 (1.10-2.92)

ER+, PR+, Her-2+ 0.669 1.95 (1.37-2.79) 0.609 1.84 (0.91-3.69)
Multifocality 0.466 1.60 (1.30-1.96) <0.001 0.372 1.45 (0.93-2.24) 0.097
Age —0.003 0.97 per 10 year (0.92-1.02) 0.206 0.003 1.03 per 10 year (0.93-1.14) 0.604
Tumor size (cm) 0.422 1.53 per cm (1.46-1.60) <0.001 0.433 1.54 per cm (1.37-1.73) <0.001
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0014 - - T
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Fig. 1 Multivariable logistic regression: probability of ALN involve-
ment versus tumor size. Full and dashed plot lines are model
predictions for, respectively, non-ILC and ILC tumors with the
following fixed characteristics: grade II, unifocal, ER+, PR+, and
HER-2— for age 58

In the univariable prediction of ALN involvement in our
series, tumor size, multifocality, grade, and the molecular
markers were significant predictors for lymph node
involvement. In contrast, age and lobular histology were
not significantly correlated with lymph node involvement
in our series.

In the published studies that address the predictors for
ALN metastasis in the pre-SLN and SLN eras, tumor size,
age, LVI, and histologic subtype were the variables most
commonly described as independently associated with
ALN involvement. In SLN studies, the variables associated
with SLN metastases were, as expected, quite similar
[6, 11, 12].

To evaluate whether the higher incidence of ALN
involvement in lobular tumors is a consequence of the
lobular histology or of other covariates that interact with
ALN involvement, we built a multivariable model cor-
recting for age, tumor size, tumor grade, multifocality, and
the combined ER, PR, and Her-2 status. All these covari-
ables differed between lobular and non-lobular tumors and
correlated with lymph node involvement. The multivari-
able logistic regression showed a significantly lower
incidence of involved lymph nodes in ILCs compared to
non-ILCs (OR = 0.66; 95% CI: 0.53-0.82).

Prior multivariable analyses are not consistent regarding
ILC as an independent predictor for lymph node involve-
ment. In the bulk of the literature, the lobular subtype is not
an independent predictor for lymph node involvement [11,
13-16]. It is important to keep in mind that most of these
studies only included patients eligible for the SLN proce-
dure (clinical node negative, smaller tumors, and unifocal).
A lower probability of ALN metastasis for ILC against
ductal was shown by Viale in a large series of 4,351
patients although not significant (OR = 0.84; 95% CI:
0.65-1.07).

There can be several reasons why ILCs might be less
likely ALN positive than non-ILCs.

First, the uniform appearance of bland tumor cells that
lack cellular atypia and often have a low mitotic rate makes
the lobular carcinoma cells more difficult to detect in
metastatic lymph nodes [17]. The reported higher rate of
false-negative lymph nodes by histologic examination in
lobular carcinomas could cause a general under-staging of
the histologic type at the time of surgery. In our series, IHC
was used to assess ALN of all lobular tumors when routine
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H&E was negative. While contribution of THC over H&E
to improve lymph nodal staging in ILC remains contro-
versial [18, 19], one could assume the possibility of a
higher false-negative rate in the non-ILC group since IHC
was not performed in these cases. Therefore, we might
even be underestimating differences in ALN involvement
between ILC and non-ILC.

In the subgroup analysis of patients that underwent a
sentinel procedure, however, all SLNs, ILC, and non-ILC
were examined by enhanced pathology (serial sectioning
and immunohistochemistry), reducing the chance of
underestimating the differences in lymph node involve-
ment due to different pathological assessments. In this
subgroup analysis, patients with a lobular tumor were less
likely to be lymph node positive, strengthening our finding
that the higher incidence of lymph node involvement in
lobular tumors in univariable analysis might be due to
confounding variables such as tumor size and occurrence
of multifocal disease rather than the lobular subtype as
such. This idea is supported by the fact that in the sentinel
subanalysis, an inherently and at least partially stratified
subgroup concerning tumor size (as mainly small tumors
are included for the SLN procedure), SLN involvement is
lower in ILC than in non-ILC (20.5 and 28.3%, respec-
tively, OR 0.66, 95% CI: 0.41-1.00). According to the
literature, tumor size seems by far the most powerful pre-
dictor of ALN involvement [1, 6, 20, 21], but histology
(ILC vs. non-ILC) is at least as important in our multi-
variate ALN/SLN model as independent prognostic factor
(Table 4).

Second, genes involved in the metastatic process of
ILCs might be different from those involved in non-ILC.
Yoder stated that ILCs are thought to arise from the same
cell type as infiltrating ductal carcinoma with distinct
genomic changes resulting in a different phenotype. Based
on these genetic findings, loss of E-cadherin has become a
widely used IHC parameter to diagnose ILCs. All our ILC
cases were confirmed E-cadherin negative. However,
retention of E-cadherin in ILC is rare. and loss of E-cad-
herin in non-ILCs has been described in 7.2% of non-ILCs
[22, 23] without an impact on ALN status and therefore
unlikely to affect our results.

Third, ALN involvement may be a function of tumor
volume/surface area rather than tumor diameter. Theoretic
models have shown that the propensity for metastases
depends on the total number of cells of a tumor combined
with the probability of each individual cell to disseminate
[24]. As tumors of similar diameter are different three-
dimensional objects, the number of cells might be better
estimated by three-dimensional parameters such as tumor
volume than by a linear measurement. Tumor volume or
cell load and even microvessel density may differ between
ILCs and non-ILCs. Recent data do not support the
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assumption that three-dimensional measurements have an
improved prognostic capability in comparison with tradi-
tional one-dimensional measurements. Lobular carcino-
mas, however, were excluded from analysis because in
many cases, there is no grossly well-demarked mass, and,
therefore, three-dimensional assessment of size is impre-
cise [25].

ALN is the best independent prognostic factor for dis-
ease-free and overall survival of breast cancer. Our findings
of a lower likelihood for cell migration towards lymph
nodes are in line with previous and more recent reports
which suggested that prognosis is better for patients with
ILC than for those with invasive ductal adenocarcinoma
after matching for tumor stage [7, 26-28]. Both types of
carcinoma are usually managed with the same adjuvant
strategy which may be over-treatment for ILC as they are
less systemically aggressive.

In conclusion, this study demonstrates that the lobular
subtype is an independent predictor for lymph node
involvement with lobular cancer having a lower incidence
of involved lymph nodes. The higher incidence of lymph
node metastasis in lobular cancers in univariable analysis is
not due to the lobular subtype, but to confounding factors
that interact with lymph node involvement.

Acknowledgments BVC is a postdoctoral fellow of the Research
Foundation—Flanders (FWO). KVH is supported by a grant from the
Agency for Innovation by Science and Technology (IWT).

References

1. Patani NR, Dwek MV, Douek M (2007) Predictors of axillary
lymph node metastasis in breast cancer: a systematic review. Eur
J Surg Oncol 33(4):409-419

2. Arpino G, Bardou VJ, Clark GM, Elledge RM (2004) Infiltrating
lobular carcinoma of the breast: tumor characteristics and clinical
outcome. Breast Cancer Res 6(3):R149-R156

3. Cristofanilli M, Gonzalez-Angulo A, Sneige N, Kau SW, Broglio
K, Theriault RL, Valero V, Buzdar AU, Kuerer H, Buccholz TA
et al (2005) Invasive lobular carcinoma classic type: response to
primary chemotherapy and survival outcomes. J Clin Oncol
23(1):41-48

4. Pestalozzi BC, Zahrieh D, Mallon E, Gusterson BA, Price KN,
Gelber RD, Holmberg SB, Lindtner J, Snyder R, Thurlimann B
et al (2008) Distinct clinical and prognostic features of infiltrating
lobular carcinoma of the breast: combined results of 15 Interna-
tional Breast Cancer Study Group clinical trials. J Clin Oncol
26(18):3006-3014

5. Tubiana-Hulin M, Stevens D, Lasry S, Guinebretiere JM, Bouita
L, Cohen-Solal C, Cherel P, Rouesse J (2006) Response to neo-
adjuvant chemotherapy in lobular and ductal breast carcinomas: a
retrospective study on 860 patients from one institution. Ann
Oncol 17(8):1228-1233

6. Viale G, Zurrida S, Maiorano E, Mazzarol G, Pruneri G, Paga-
nelli G, Maisonneuve P, Veronesi U (2005) Predicting the status
of axillary sentinel lymph nodes in 4351 patients with invasive
breast carcinoma treated in a single institution. Cancer
103(3):492-500



Breast Cancer Res Treat (2011) 128:429-435

435

7.

10.

11.

12.

13.

14.

15.

16.

17.

Wasif N, Maggard MA, Ko CY, Giuliano AE (2010) Invasive
lobular vs. ductal breast cancer: a stage-matched comparison of
outcomes. Ann Surg Oncol 17(7):1862-1869

. Neven P, Van Calster B, Van den Bempt I, Van Huffel S, Van

Belle V, Hendrickx W, Decock J, Wildiers H, Paridaens R,
Amant F et al (2008) Age interacts with the expression of steroid
and HER-2 receptors in operable invasive breast cancer. Breast
Cancer Res Treat 110(1):153-159

. Hastie T, Tibshirani R (1990) Generalized additive models, 1st

edn. Chapman and Hall, London; New York

Tubiana M (1998) Benefits and limitations of mass screening.
The natural history of breast cancer. Bull Acad Natl Med
182(8):1593-1610 discussion 1610-1591

Bevilacqua JL, Kattan MW, Fey JV, Cody HS III, Borgen PI, Van
Zee KJ (2007) Doctor, what are my chances of having a positive
sentinel node? A validated nomogram for risk estimation. J Clin
Oncol 25(24):3670-3679

Voogd AC, Repelaer van Driel OJ, Roumen RM, Crommelin
MA, van Beek MW, Coebergh JW (1997) Changing attitudes
towards breast-conserving treatment of early breast cancer in the
south-eastern Netherlands: results of a survey among surgeons
and a registry-based analysis of patterns of care. Eur J Surg Oncol
23(2):134-138

Gann PH, Colilla SA, Gapstur SM, Winchester DJ, Winchester
DP (1999) Factors associated with axillary lymph node metastasis
from breast carcinoma: descriptive and predictive analyses.
Cancer 86(8):1511-1519

Olivotto IA, Jackson JS, Mates D, Andersen S, Davidson W,
Bryce CJ, Ragaz J (1998) Prediction of axillary lymph node
involvement of women with invasive breast carcinoma: a multi-
variate analysis. Cancer 83(5):948-955

Velanovich V, Szymanski W (1998) Lymph node metastasis in
breast cancer: common prognostic markers lack predictive value.
Ann Surg Oncol 5(7):613-619

Voogd AC, Coebergh JW, Repelaer van Driel OJ, Roumen RM,
van Beek MW, Vreugdenhil A, Crommelin MA (2000) The risk
of nodal metastases in breast cancer patients with clinically
negative lymph nodes: a population-based analysis. Breast Can-
cer Res Treat 62(1):63-69

Sastre-Garau X, Jouve M, Asselain B, Vincent-Salomon A,
Beuzeboc P, Dorval T, Durand JC, Fourquet A, Pouillart P (1996)
Infiltrating lobular carcinoma of the breast. Clinicopathologic
analysis of 975 cases with reference to data on conservative
therapy and metastatic patterns. Cancer 77(1):113-120

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Cserni G (2006) Histopathologic examination of the sentinel
lymph nodes. Breast J 12(5 Suppl 2):S152-S156

Patil DT, Susnik B (2008) Keratin immunohistochemistry does
not contribute to correct lymph node staging in patients with
invasive lobular carcinoma. Hum Pathol 39(7):1011-1017
Maiorano E, Regan MM, Viale G, Mastropasqua MG, Colleoni
M, Castiglione-Gertsch M, Price KN, Gelber RD, Goldhirsch A,
Coates AS (2010) Prognostic and predictive impact of central
necrosis and fibrosis in early breast cancer: results from two
International Breast Cancer Study Group randomized trials of
chemoendocrine adjuvant therapy. Breast Cancer Res Treat
121(1):211-218

Zurrida S, Morabito A, Galimberti V, Luini A, Greco M, Bartoli
C, Raselli R, Rossi N, Vessecchia G, Cascinelli N et al (1999)
Importance of the level of axillary involvement in relation to
traditional variables in the prognosis of breast cancer. Int J Oncol
15(3):475-480

Da Silva L, Parry S, Reid L, Keith P, Waddell N, Kossai M,
Clarke C, Lakhani SR, Simpson PT (2008) Aberrant expression
of E-cadherin in lobular carcinomas of the breast. Am J Surg
Pathol 32(5):773-783

Rakha EA, Abd El Rehim D, Pinder SE, Lewis SA, Ellis 10
(2005) E-cadherin expression in invasive non-lobular carcinoma
of the breast and its prognostic significance. Histopathology
46(6):685-693

Michaelson JS, Silverstein M, Wyatt J, Weber G, Moore R,
Halpern E, Kopans DB, Hughes K (2002) Predicting the survival
of patients with breast carcinoma using tumor size. Cancer
95(4):713-723

Verkooijen HM, Fioretta G, Vlastos G, Morabia A, Schubert H,
Sappino AP, Pelte MF, Schafer P, Kurtz J, Bouchardy C (2003)
Important increase of invasive lobular breast cancer incidence in
Geneva, Switzerland. Int J Cancer 104(6):778-781

Dixon AR, Ellis 10, Elston CW, Blamey RW (1991) A com-
parison of the clinical metastatic patterns of invasive lobular and
ductal carcinomas of the breast. Br J Cancer 63(4):634—635
Gudlaugsson E, Skaland I, Janssen EA, van Diest PJ, Voorhorst
FJ, Kjellevold K, zur Hausen A, Baak JP (2010) Prospective
multicenter comparison of proliferation and other prognostic
factors in lymph node negative lobular invasive breast cancer.
Breast Cancer Res Treat 121(1):35-40

Toikkanen S, Pylkkanen L, Joensuu H (1997) Invasive lobular
carcinoma of the breast has better short- and long-term survival
than invasive ductal carcinoma. Br J Cancer 6(9):1234-1240

@ Springer



	Lobular and non-lobular breast cancers differ regarding axillary lymph node metastasis: a cross-sectional study on 4,292 consecutive patients
	Abstract
	Introduction
	Patients and methods
	Design, setting, and patients
	Variables studied
	Statistical analysis

	Results
	Univariable analysis
	Multivariable logistic regression

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


