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Background: Invasive lobular carcinoma (ILC) comprises 8e15 % of all invasive breast cancers and large
population-based studies with >10 years of follow-up are rare. Whether ILC has a long-time prognosis
different from that of invasive ductal carcinoma, (IDC) remains controversial.
Purpose: To investigate the excess mortality rate ratio (EMRR) of patients with ILC and IDC and to
correlate survival with clinical parameters in a large population-based cohort.
Material and methods: From 1989 through 2006, we identified 17,481 patients diagnosed with IDC
(n ¼ 14,583) or ILC (n ¼ 2898), younger than 76 years from two Swedish Regional Cancer Registries.
Relative survival (RS) during 20 years of follow up was analysed.
Results: ILC was significantly associated with older age, larger tumours, ER positivity and well differ-
entiated tumours. We noticed an improved survival for patients with ILC during the first five years,
excess mortality rate ratio (EMRR) 0.64 (CI 95 % 0.53e0.77). This was shifted to a significant decreased
survival 10e15 years after diagnosis (EMRR 1.49, CI 95 % 1.16e1.93). After 20 years the relative survival
rates were similar, 0.72 for ILC and 0.73 for IDC.
Conclusions: During the first five years after surgery, the EMRR was lower for patients with ILC as
compared to patients with IDC, but during the years 10e15 after surgery, we observed an increased
EMRR for patients with ILC as compared to IDC. These EMRR between ILC and IDC were statistically
significant but the absolute difference in excess mortality between the two groups was small.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast cancer is a heterogeneous disease divided into subgroups
according to histopathology [1,2] and more recently gene expres-
sion profiles [1,3]. Despite the gene expression based BC subgroups
and gene array based testing of prognosis [4], high quality pa-
thology is a cornerstone in the clinical work-up of BC. Invasive
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breast carcinoma of no special type (IBC-NST) in the past known as
invasive carcinoma or invasive ductal carcinoma (IDC) and invasive
Lobular carcinoma (ILC) are the most common types of breast
cancer comprising 70e80 % and 8e15 % of the cases respectively
[5,6].

ILC is characterised by growth in single cell files forming thin
long masses often not detected by mammography in 30 % of cases
[7]. As compared to IDC, ILC tends to be larger in size and more
oftenmultifocal [8]. ILC has a peculiar metastases pattern e.g. to the
gastrointestinal tract, peritoneum, ovaries, orbital cavity or cerebral
meninges [9]. The majority of ILCs are of histological intermediate
grade explained by limited number of mitoses and low frequency of
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tubule formation but the inclusion of genomic grade has added
prognostic information [10]. Survival of ILC patients is reported to
be increased, equal, or decreased as compared with IDC patients
[11]. Factors contributing to this conflicting results may be variation
in the histologic criteria used to define ILC, differences in therapy, as
well as sample size limitations [6,12,13]. The majority of published
studies have shown a better survival during early follow-up for
patients with ILC compared to IDC [14]. There are few large popu-
lation based studies of ILC with long follow up [15,16], the latter is
of importance as the majority of ILC are hormone receptor (HR)
positive and may relapse late. International Breast Cancer Study
Group (IBCSG) analysed data on more than 13,000 patients with
early BC, demonstrating a favourable outcome for ILC patients
during the first decade of follow up, but this was not seen beyond
10 years. A more recent comparison of the survival of lobular and
ductal carcinoma patients confirmed this pattern [15,17].

Here long-term survival patterns in terms of excess mortality
rate ratio (EMRR) are determined in patients with ILC and IDC in a
population-based cohort of 17,481 patients and survival is corre-
lated to clinical and tumour characteristics.

2. Patients and methods

2.1. Cancer registration

In Sweden, each region has a regional cancer centre that is
Fig. 1. Flowchart describing the identification process of the study population. Patients diag
from 1989 through 2006 were used.
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responsible for cancer registration andmanagement programs. Since
1958, it has been compulsory for the treating physician and the
pathologist to independently report all new cases of cancer to the
Swedish cancer registry (SCR). The SCR receives reports containing
ICD code of the malignancy, histological systematized nomenclature
of medicine (SNOMED) code, TNM stage, date of diagnosis, date of
birth including a personal identification number unique to each in-
dividual in Sweden. The completeness of the SCR is about 96 % [18].
Most of the patients are additionally registered in regional quality-
management registers with information of incident tumour char-
acteristics and primary treatment. For BC, >95 % of the patients are
treated according to the management programs and registered in
the regional quality-management register databases [19].

2.2. Patient cohort

Between 1989 and 2006, 29,729 new BC cases were reported to
the Swedish Cancer Register from the west (W) and southeast (SE)
regions. Of these, 28,361 were also reported to the more detailed
clinical quality registries. We excluded patients who at diagnosis
were age �75 years, did not undergo primary surgery, had distant
metastasis, or with histology other than lobular or ductal (Fig. 1). The
remaining 17,481 patients were followed up for vital status until
June 2020 through record linkage to national population registers.

From the quality-management registers, we retrieved informa-
tion regarding age at diagnosis; tumour size; number of examined
nosed and registered in regional cancer databases from western and southeast Sweden



Table 1
Clinical and pathological characteristics among 17,481 invasive breast cancers of
lobular or ductal histology from a population-based cohort from western and
southeast Sweden.

Lobular Ductal Total P valuea

Total no. of patients (%) 2898 14,583 17,481
Age
< 50 583 (20.1) 3788 (26.0) 4371 (25.0) <0.001
50e74 2315 (79.9) 10,795 (74.0) 13,110 (75.0)

ER
Neg. 201 (8.7) 2719 (22.7) 2920 (20.4) <0.001
Pos. 2117 (91.3) 9263 (77.3) 11,380 (79.6)
Unknown 580 2601 3181

PR
Neg. 573 (24.8) 4307 (36.1) 4880 (34.3) <0.001
Pos. 1734 (75.2) 7636 (63.9) 9370 (65.7)
Unknown 591 2640 3231

Type of surgery
Breast conserving 1359 (47.1) 8080 (55.6) 9439 (54.2) <0.001
Mastectomy 1524 (52.9) 6444 (44.4) 7968 (45.8)
Unknown 15 59 74

Tumour size (mm)
� 10 500 (17.8) 3434 (24.1) 3934 (23.1) <0.001
11e20 1196 (42.5) 6199 (43.5) 7395 (43.3)
> 20 1118 (39.7) 4623 (32.4) 5741 (33.6)
Unknown 84 327 411

Node status
0 1856 (64.0) 9560 (65.6) 11,416 (65.3) <0.001
1e3 619 (21.4) 3275 (22.5) 3894 (22.3)
>3 423 (14.6) 1748 (12.0) 2171 (12.4)

NHG
1 362 (20.2) 2185 (27.0) 2547 (25.8) <0.001
2 1295 (72.4) 3366 (41.5) 4661 (47.1)
3 133 (7.4) 2552 (31.5) 2685 (27.1)

a Pearson chi-squared test.
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and positive nodes; hormone receptor status and Nottingham
histology grade (NHG). Tumour and patient characteristics are
shown in Table 1.

2.3. Therapy

Patients included in this investigation were diagnosed with
primary BC from 1989 through 2006. Surgery, radiotherapy, adju-
vant endocrine therapy, and chemotherapy were delivered ac-
cording to guidelines based on St. Gallen recommendations [20].
Nearly all patients were treated before sentinel node surgery,
adjuvant taxanes and adjuvant trastuzumab were included in the
guide-lines. Neoadjuvant treatment was only delivered if inoper-
able tumour. During the 80-ties and the beginning of the 90-ties a
very small proportion of ER þ patients received adjuvant chemo-
therapy. Between 1989 and 1995, patients in the SE region with
oestrogen receptor (ER) positive, stage 1e3 BC participated in study
comparing 2 and 5 years of adjuvant tamoxifen. After publication of
the results in 1996, 5 years of adjuvant tamoxifen became standard
[21]. The recommendation on adjuvant treatment for post-
menopausal patients was further changed to 5 years of an AI
following presentation of the ATAC trial in 2002 [22]. We estimate
that 20 % of the whole patient cohort received adjuvant AI and 80 %
tamoxifen for two or five years.

From the year 2000, adjuvant cyclophosphamide, methotrexate,
fluorouracil (CMF) therapy was replaced by anthracycline-based
chemotherapy and from 2002 sentinel node surgery was intro-
duced in clinical practice.

In both regions, after breast-conserving surgery, 50 Gy in 25
fractions without a break were delivered to the remaining breast
tissue. In the SE region, women with node-positive disease (i.e. �1
positive node) generally received radiotherapy including loco
regional lymph nodes. In the W region, at least four metastatic
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lymph nodes were required for radiation of regional lymph nodes.

2.4. Pathology

The original pathology reports on the surgical specimen were
used and no reinvestigation was performed. Data on grade were
limited to pathology reports obtained after the introduction of the
Nottingham grading system. ER and PgR receptor levels were
determined by the Abbot enzyme immunoassay and after 1999 by
immunohistochemistry.

2.5. Statistical methods

To compare the association between tumour morphology and
clinical characteristics, the Pearson chi-squared test was applied.
Relative survival was computed using the Ederer II method [23].
Mortality data for the general population in Sweden were used to
estimate expected survival rates for the study populations. The
mortality data comprised the probability of death for single-year
age groups in 1-year calendar periods. Stata statistical software
was used to calculate relative survival. Survival time was calculated
from date of diagnosis to June 30, 2020 or to date of death if it
occurred before this date. Excess mortality rate ratio (EMRR) be-
tween different groups was estimated by univariable Poisson
regression [24]. A p value of <0.05 was considered to be statistically
significant. All statistical analyses were performed with Stata/SE
13.1 [25].

3. Results

3.1. Clinical characterisation

Most patients (83.4 %) were diagnosed with IDC, whereas 16.6 %
were diagnosed with ILC. Clinical and pathological features are
summarized in Table 1. There was a statistically significant associ-
ation between morphology and age. Among patients with ILC,
79.9% were 50e74 years at the time of diagnosis compared with
74.0% among patients with IDC (p < 0.001). Hormone receptor
positivity was more common in ILC, where ER positivity was found
in 91.3% and PgR positivity in 75.2% of the cases as compared with
77.3% and 63.9%, respectively in IDC (p < 0.001). Further, ILC was
associated with larger tumours >20 mm; ILC, 39.7% and IDC 32.4%
(p < 0.001).

There was only a slightly higher proportion of patients with
lymph node metastases in ILC, though, due to the large number of
patients in this cohort, this achieves statistical significance
(p < 0.001). Low-differentiated tumours were more common in
IDC. Most lobular cancers were of grade 2 (72.4 %) and only 133
(7.4 %) were of grade 3. The corresponding numbers for IDC were
41.5 % and 31.5 %, respectively. Determination of HER2 status was
introduced during the last years of the study and available in only
1857 patients. The frequency of HER2 positivity was higher in IDC,
15.9 % compared with 6.9 % in ILC.

3.2. Comparison of excess mortality rate ratio in ILC and IDC

The median follow-up for the patient-cohort was 19 years with
interquartile range (IQR) between 16 and 24 years for alive patients
of the cohort.

We noticed an improved RS for the patients with ILC during the
first years of observation. Five years after diagnosis the RS rate was
0.93 (95%CI 0.92e0.94) for ILC and 0.90 (95%CI 0.89e0.90) for IDC,
EMRR 0.64 (95 % CI 0.53e0.77, p < 0.001). This was shifted to a
significantly higher EMRR for ILC compared to IDC in the interval
10e15 years after diagnosis, EMRR 1.49 (95%CI 1.16e1.93,



Table 2
Relative survival (RS) rate and Excess mortality rate ratio (EMRR) with 95 % CI for ILC co

Years after diagnosis Number at risk at
start of interval

RS (%
inter

ILC IDC ILC

All 0e5 2898 14,583 93 (9
5e10 2591 12,595 85 (8
10e15 2207 10,892 78 (7
15e20 1607 8413 72 (6

ERþ 0e5 2117 9263 93 (9
5e10 1894 8273 85 (8
10e15 1617 7126 78 (7

ER- 0e5 201 2719 87 (8
5e10 169 1982 74 (6
10e15 136 1692 69 (6

ERþ/PRþ 0e5 1654 7226 93 (9
5e10 1485 6562 85 (8
10e15 1277 5691 78 (7

ERþ/PR- 0e5 451 1985 93 (9
5e10 399 1662 83 (7
10e15 330 1392 74 (6

NHG I 0e5 362 2185 96 (9
5e10 332 2076 91 (8
10e15 295 1917 83 (7

NHG II 0e5 1295 3366 96 (9
5e10 1190 3047 89 (8
10e15 1039 2654 83 (8

NHG III 0e5 133 2552 78 (6
5e10 100 2019 65 (5
10e15 79 1691 61 (5

Age 0e5 583 3788 92 (9
< 50 5e10 534 3285 82 (7

10e15 470 2882 73 (6
Age 0e5 1336 6712 94 (9
50e64 5e10 1217 5915 87 (8

10e15 1084 5293 80 (7
Age 0e5 979 4083 94 (9
� 65 5e10 840 3395 84 (8

10e15 653 2717 78 (7
T size 0e5 500 3434 98 (9
� 10 mm 5e10 467 3224 96 (9

10e15 425 2941 93 (8
T size 0e5 1196 6199 97 (9
11e20 5e10 1111 5550 90 (8
Mm 10e15 967 4861 84 (8
T size 0e5 1118 4623 87 (8
>20 mm 5e10 939 3530 75 (7

10e15 757 2833 65 (6

CI: Confidence interval, EMRR: Excess mortality rate ratio, ER: Estrogen receptor, IDC: Inv
grade, PR: Progesterone receptor, RS: Relative survival, T size: Tumour size.

Fig. 2. Relative survival (RS) rate for patients with ILC and IDC in the whole study
population.

C. Chamalidou, H. Fohlin, P. Albertsson et al. The Breast 59 (2021) 294e300

297
p ¼ 0.002). Twenty years after diagnosis, the RS rate was almost
equal for patients with ILC, 0.72 (95 % CI 0.69e0.75) and 0.73 (95 %
CI 0.72e0.75, p ¼ 0.17) for patients with IDC (Fig. 2, Table 2).

We further investigated differences in RS rate (Fig. 3) and EMRR
(Table 2) between patients with ILC and IDC according to HR status.
During the early phase of follow-up, the RS rates in ER positive
disease was similar for ILC and IDC group, but 10e15 years after
diagnosis, we found a significantly increased EMRR for patients
with ILC as compared to those with IDC (EMRR 1.39; 95 % CI
1.05e1.84, p ¼ 0.02) (Table 2). During the first five years after
diagnosis but not later, patients with ER negative ILC had a superior
outcome compared to those with ER negative IDC (EMRR 0.46, 95 %
CI 0.29e0.73, p ¼ 0.001) (Fig. 3, Table 2). Similarly, during the first
five years of follow up but not later, also patients with ER positive
but PgR negative ILC had a significantly increased RS rate as
compared to those with ER positive but PgR negative IDC, EMRR
0.55 (95 % CI: 0.35e0.88, p ¼ 0.01) (Table 2).

Large tumour size negatively influenced survival. In the group of
patients with tumour size 11e20 mm, we noticed an improved RS
for those with ILC compared with IDC (97 % vs 93 %) after the first 5
mpared with IDC estimated from univariable Poisson regression.

) and (95% CI) at the end of
val

EMRR ILC vs IDC (95% CI) P value

IDC

2e94) 90 (89e90) 0.64 (0.53e0.77) <0.001
3e87) 82 (82e83) 1.09 (0.91e1.32) 0.35
6e80) 78 (77e79) 1.49 (1.16e1.93) 0.002
9e75) 73 (72e75) 1.35 (0.88e2.07) 0.17
2e95) 93 (92e94) 0.97 (0.78e1.21) 0.78
3e87) 85 (84e86) 1.07 (0.86e1.33) 0.57
5e80) 79 (78e81) 1.39 (1.05e1.84) 0.02
1e92) 75 (74e77) 0.46 (0.29e0.73) 0.001
7e81) 68 (66e69) 1.27 (0.75e2.17) 0.38
0e77) 64 (62e67) 1.47 (0.51e4.21) 0.48
2e95) 94 (94e95) 1.21 (0.94e1.57) 0.14
3e88) 87 (86e88) 1.09 (0.85e1.40) 0.49
6e81) 81 (80e82) 1.26 (0.91e1.75) 0.16
0e96) 87 (86e89) 0.55 (0.35e0.88) 0.01
9e88) 78 (76e81) 0.99 (0.63e1.55) 0.96
8e80) 73 (70e76) 1.70 (0.95e3.05) 0.08
2e98) 99 (98e99) 2.57 (1.02e6.44) 0.04
6e95) 96 (95e98) 2.47 (1.01e6.03) 0.05
6e88) 93 (91e95) 3.82 (1.78e8.20) 0.001
4e97) 94 (93e95) 0.77 (0.54e1.12) 0.18
6e91) 87 (85e88) 0.90 (0.64e1.26) 0.54
0e86) 82 (80e84) 1.16 (0.71e1.91) 0.55
9e84) 82 (80e83) 1.22 (0.82e1.81) 0.33
5e73) 71 (69e73) 1.32 (0.74e2.36) 0.35
0e70) 66 (63e68) 0.80 (0.20e3.16) 0.75
0e94) 87 (86e88) 0.58 (0.42e0.80) 0.001
9e85) 78 (76e79) 0.96 (0.71e1.28) 0.77
9e76) 72 (71e74) 1.78 (1.28e2.48) 0.001
2e95) 91 (90e91) 0.66 (0.51e0.87) 0.002
4e89) 84 (83e85) 1.07 (0.80e1.43) 0.64
7e83) 81 (80e82) 1.87 (1.32e2.66) <0.001
1e96) 91 (89e92) 0.72 (0.49e1.06) 0.09
0e88) 84 (82e86) 1.37 (0.92e2.03) 0.12
3e83) 78 (75e80) 0.93 (0.46e1.86) 0.83
5e100) 98 (97e99) 1.02 (0.38e2.77) 0.97
2e99) 95 (94e97) 1.17 (0.37e3.69) 0.78
7e97) 93 (91e95) 1.12 (0.25e5.14) 0.88
5e98) 93 (92e94) 0.42 (0.25e0.70) 0.001
8e93) 87 (85e88) 0.96 (0.68e1.36) 0.84
1e87) 82 (80e83) 1.40 (0.92e2.13) 0.12
5e90) 79 (78e80) 0.57 (0.46e0.69) <0.001
2e78) 67 (65e69) 0.93 (0.74e1.16) 0.52
2e69) 61 (59e62) 1.26 (0.91e1.74) 0.16

asive ductal carcinoma, ILC: Invasive lobular carcinoma, NHG: Nottingham histologic



Fig. 3. Relative survival (RS) rate for patients with ILC and IDC according to hormone receptor status. Upper part; ER negative (left box) and ER positive (right box); lower part; ER
positive, PgR negative (left box) and ER and PgR positive (right box).
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years. The RS rate between patients with ILC and IDC converged
over time and after 15 years of follow up the difference was small
(84 % vs 82 %) (Table 2). A similar survival pattern was noticed for
patients with tumour size larger than 20 mm, though with a larger
difference between ILC and IDC. We did not notice any influence of
histological subtype in tumour size smaller than 11 mm (Table 2).

In low-grade tumours, patients with ILC demonstrated a lower
RS rate, during all time intervals (Table 2, Fig. 4). Survival of patients
with ILC of all ages tended to be increased during the first five years
of follow up but the increase in RS rate compared to IDC was most
marked for patients aged less than 50 (Table 2, Fig. 4).

4. Discussion

Conflicting results have been reported on survival rates of ILC
patients. One reason for this is the lack of large population-based
studies with long follow up as the one we present here. Our re-
sults confirm that during the first five years of follow-up, there is
favourable relative survival rate for patients with ILC compared to
IDC patients, but after 10e15 years of follow up the survival rate is
decreased for ILC patients compared to IDC patients [17].

During the first years of follow up of ER positive disease, the RS
rates were almost equal for ILC and IDC patients but in the interval
10e15 years after diagnosis marginally decreased for ILC patients.
We conclude that for patients with ER positive disease, there seems
to be no clinically meaningful difference in outcome between ILC
and IDC disease. On the contrary, during the first five years of follow
up of ERnegative disease, ILC patients had an increased relative
298
survival rate as compared to IDC patients, but with no significant
difference during later periods. In the subgroup of ER positive pa-
tients with PR negativity, we also noticed that the ILC had a
favourable survival compared to IDC group 0e5 years after diag-
nosis which resembles the hormone receptor negative pattern. This
should be interpreted with caution but may be linked to reduced
sensitivity to endocrine treatment, which is the main treatment for
ILC that does not have the same sensitivity to chemotherapy as IDC
[2].

Patients with HR negative tumours are heterogeneous, some
with aggressive triple negative IDC. This may partly explain the
decreased survival rate for patients with IDC compared to ILC pa-
tients during the first five years of follow up. Also, receptor negative
ILC may include a subset of luminal androgen receptor positive
triple negative BC that has a less aggressive disease compared to
basal like TNBC [26]. In addition, most patients were diagnosed
before HER2 testing and adjuvant trastuzumab were introduced in
2005. HER2 positivity is twice as common in IDC comparedwith ILC
[27] also shown in our population. Therefore, the larger proportion
of HER2 positive disease without HER2 directed therapy in IDC
probably contributed to the lower survival rate for patients with HR
negative IDC compared to the corresponding ILC patients.

Nottingham histologic grading is based on three parameters,
number of mitosis, nuclear variation and formation of tubulus
structures. ILC forms tubuli-like structures less frequently than IDC
and ILC grade 1 is rare. There is special variants of ILC called ILC
with tubular variants according to the current WHO guidelines [5]
Our data report similar outcome for patients with grade 1 and



Fig. 4. Relative survival (RS) rate for patients with IDC and ILC according to grade in the upper section; NHG I (left box), NHG II (middle box) and NHG III (right box) and age in the
lower section; <50 years (left box), 50e64 years (middle box) and 65 years and older (right box).
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grade 2 ILC and worse outcome for grade 1 ILC patients compared
to grade 1 IDC patients confirming that the previous versions of
grading is less informative for ILC than for IDC (Table 2 Fig. 4) [10].
Unfortunately, risk classification of ILC with gene expression pro-
files is less informative. For example OncotypeDx used to select
patients for whom chemotherapy can be dispensed without
affecting survival, classifies approximately 20 % of IDC as high risk
tumours as compared to 1.5 % of the ILC tumours [28,29].

The important differences between ILC and IDC is confirmed by
trials recruiting both ILC and IDC patients showing that ILC is less
responsive to chemotherapy [2,30,31]. The BIG 98-01 trial,
comparing tamoxifenwith letrozole as adjuvant therapy concluded
that the aromatase inhibitor, letrozole, was more effective in the
treatment of ILC [32,33] probably due to differential ER activity at
the protein level in ILC tumours compared to IDC. Only a smaller
proportion of our patients received Aromatase Inhibitors and these
drugs might also improve the long-time survival of patients with
ILC.

A large study revealed that more than half of ILC tumours
harbour alterations within the key pathway of PIK3/PTEN/Akt/
mTOR which were higher compared with ER positive IDC [34].
Subgroup analyses of the BOLERO-2 trial showed that the addition
of the m-TOR inhibitor Afinitor, to endocrine treatment improves
progression free survival for patients with ILC and raise the hy-
pothesis that a group of patients with ILC also may gain from
treatment with the PIK3CA inhibitor Alpelisib [35,36].

Our study has a very long follow up but this also leads to
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limitations. There are gradual changes of diagnostic procedures and
therapy that complicates interpretation. The lack of information of
HER2 status and central pathology review, different techniques for
HR assays and treatment recommendations that are currently not
considered adequate are important shortcomings but in spite of
this, important differences between ILC and IDC were documented.
5. Conclusions

In a large population-based cohort with long follow-up we
showed that ILC is an independent disease with a specific biology
that affects survival. It presents with a significantly better relative
survival during the first years after diagnosis and a significantly
worse relative survival 10e15 years after diagnosis, thus with a
controversial significance in the clinical perspective. In addition,
ER-status seems to affect the survival pattern differently for ILC and
IDC.We encourage subgroup analyses of ILC in BC trials and suggest
international collaboration to recruit patients with ILC for separate
trials.
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