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Abstract

Purpose The aim of the study was to compare the difference in survival between invasive ductal (IDC) and lobular
carcinoma (ILC).

Methods Data of patients (n=1843) with a hormone receptor-positive, HER2-negative, pT1-3 IDC or ILC cancer with-
out distant metastasis, treated at the Ghent University Hospital over the time period 2001-2015, were analyzed.

Results ILC represented 13.9% of the tumors, had a higher percentage of pT3 and pN3 stages than IDC, lymphovas-
cular space invasion (LVSI) was less present and Ki-67 was mostly low. 73.9% of ILCs were grade 2, whereas IDC had
more grade 1 and grade 3 tumors. Kaplan—Meier curves and log-rank testing showed a significant worse DFS for ILC
with pN > 1 than for their IDC counterpart. In a multivariable Cox regression analysis the histologic tumor type, ductal
or lobular, was a determinant of DFS over 120 months (IDC as reference; hazard ratio for ILC 1.77, 95% C| 1.08-2.90)
just as the ER Allred score (hazard ratio 0.84, 95% Cl 0.78-0.91), LVSI (hazard ratio 1.75, 95% Cl 1.12-2.74) and pN3 (haz-
ard ratio 2.29, 95% Cl 1.03-5.09). Determinants of OS over ten years were age (hazard ratio 1.05,95% Cl 1.02-1.07), LVSI
(hazard ratio 3.62, 95% Cl 1.92-6.82) and the ER Allred score (hazard ratio 0.80, 95% Cl 0.73-0.89).

Conclusion The histologic tumor type, ductal or lobular, determines DFS in hormone receptor-positive, HER2-nega-
tive, pT1-3 breast cancer besides the ER Allred score, LVSI and pN3.
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Introduction

Breast cancer is a heterogenous disease, morphologically

and genomically, implying clinical consequences. Inva-

sive ductal cancer (IDC, recently by the WHO reclassi-
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Nevertheless, they might behave differently. Lobular can-
cers are characterized by a lack of E-cadherin expression
[1, 2] in combination with a high percentage of estro-
gen receptor (ER)-positivity [3—6]. They tend to have a
more infiltrative growth, indistinct borders and are often
detected as a larger tumor [6—8]. In accordance with the
high positivity for the ER there is a marked sensitivity for
endocrine therapy [9]. A recent study found chemother-
apy to be less effective [10], and different survival rates
are described [4, 11-15].

We examined whether the histologic tumor type,
IDC or ILC, besides routine clinical and histopathologi-
cal findings contributed to differences in outcomes of
HR+, HER2- breast cancer without distant metastasis.
Together with pT1-pT2 cancers, tumors with a pT3 clas-
sification were included, as ILC is often a large tumor at
detection.

Material and methods

Clinical and histopathological data of breast cancer
patients treated in the Ghent University Hospital for
the period 2001-2015 were recorded retrospectively in
a database using ICD-10 coding and the TNM staging
system. The raw dataset was verified by two independ-
ent researchers (MG and GB). The study was approved by
the Ethical Commission of the Ghent University Hospital
(reference number EC/2017/0287).

Following diagnosis by punction, staging and subse-
quent surgery, histopathological exams were performed
and reported in a standardized manner.

Immunohistochemical staining for ER, progesterone
receptor (PR) and HER?2 just as the fluorescent in situ
hybridization (FISH) for HER2 have been described pre-
viously [16]. The Allred score was assessed as described
[17, 18] and considered positive as>1% of the cancer
cells stained. In case of an immunoscore of 2+ or 3+ for
HER2, the samples were subjected to a FISH procedure
and those with amplification were considered as HER2 +.
Histological diagnosis of ILC by morphologic appearance
combined with loss or aberrant staining for E-cadherin
and cytoplasmic localization of p120-catenin was vali-
dated as part of a multicentric study with 27 European
institutions [19].

In total 3044 patients were diagnosed with breast
cancer without metastasis. Following exclusion of pT4-
tumors and restriction of the histological tumor type,
IDC or ILC, 2429 patients were retained. Testing for
HER2 was positive in 217 of 2141 patients with IDC and
6 of 288 ILC patients. Further 318 patients were HR-
negative and 142 were lost to follow-up. The remain-
ing collective of tumors were HR+, HER2-, stage pT1-3
and without distant metastasis, and consisted of 1586
patients with IDC and 257 with ILC. Subsequently, all
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files were analyzed in SPSS, version 26. Group compari-
son was performed using x2 testing, except when less
than 5 observations were in a cell, then a Fisher’s exact
test was performed. Disease-free survival (DFS) was the
time period in months from diagnosis until the occur-
rence of contralateral manifestation, recurrence, distant
metastasis or death without previous symptoms. Over-
all-survival (OS) was the time between diagnosis and
death due to any cause. Both were limited to 120 months.
Kaplan—Meier curves were reported and differences in
survival calculated using the log-rank test. Using Cox
regression analysis uni- and multivariable models were
calculated for DFS and OS [20] and reported as hazard
ratio with 95% confidence intervals (95% CI) and corre-
sponding p-value.

Results

In total 1843 patients with a HR+, HER2-, pT1-3 IDC
or ILC tumor without distant metastasis were identi-
fied and all cases were analyzed, as shown in Table 1.
IDC represented 86.1% of these cases and the remaining
13.9% were ILC. Age distribution was similar for both
subgroups. Most IDC tumors were detected in pT1 stage
(69.9%), while ILC was mostly larger with 58.7% in stage
pT2 or pT3. The pNO stage was found in 64.2% of the IDC
cases, whereas this was less for ILC (57.4%). LVSI proved
to be more common in IDC with 34.6% vs. 25.5% for ILC.
In our collective most ILCs were grade 2 (73.9%), and
IDC had more grade 1 and 3 tumors. A high ER Allred
score (7 or 8) was present in 94.5% of ILC, which was sig-
nificantly more than for IDC (89.7%). Due to semi-recent
introduction of Ki-67 many missing values were noted.
ILC tumors had more often a Ki-67 under 20% than their
IDC counterparts, 82.0% and 60.4% respectively.

In Table 2 the various types of treatment are summa-
rized. Nearly all patients had surgery. Somewhat sur-
prisingly, the percentage of patients receiving adjuvant
chemotherapy was higher for ILC (42.8%) than for IDC
(35.2%). Radiotherapy was more frequently applied in
IDC than ILC (79.5% vs. 72.9%, respectively). Within the
line of expectations as HR +was a prerequisite, nearly all
patients were submitted to endocrine therapy.

Figure 1 shows the Kaplan—Meier curves for the histo-
logic tumor type, lobular or ductal, and DEFS. In case of
pNO, the DES for ILC was better than for IDC although
not significant. A positive lymph node status (pN>1)
resulted, however, for ILC in a worse DFS than for IDC
(p=0.02). No differences in Kaplan—Meier curves for
the OS and histologic tumor type, ILC or IDC, could be
observed (Fig. 2).

Table 3 represents the models for DFS and OS using
uni- and multivariable Cox regression analysis. In
the univariable analysis the majority of clinical and
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Table 1 Patient characteristics with HR+, HER2-, pT1-3 invasive
ductal and lobular cancer
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Table 2 Treatment of patients with HR+, HER2-, pT1-3 invasive
ductal or lobular cancer

IDC ILC p-value*
n (%) n (%)
Patients 1586 (86.1 of total) 257 (13.9 of total)
Age (years) 0.26
<39 88 (5.5) 72.7)
40-49 334(21.1) 57(22.2)
50-59 476 (30.0) 70(27.2)
60-69 403 (25.4) 70(27.2)
>70 285(18.0) 53(20.6)
pl <0.001
1 1109 (69.9) 106 (41.2)
2 439 (27.7) 118 (45.9)
3 38(24) 33(128)
pN 0.02
0 988 (64.2) 144 (57.4)
1 418 (27.2) 71(283)
2 99 (6.4) 25(10.0)
3 34(22) 11(4.4)
Missing 47 6
LVSI 0.009
No 878 (65.4) 155 (74.5)
Yes 465 (34.6) 53(25.5)
Missing 243 49
Grading <0.001
1 220(14.2) 8(3.8)
2 828 (53.6) 156 (73.9)
3 498 (32.2) 47 (22.3)
Missing 40 46
ER Allred score 0.028
<6 104 (10.3) 12(5.5)
7-8 906 (89.7) 206 (94.5)
Missing 576 29
Ki-67 (%) <0.001
<9 124 (27.7) 42 (37.8)
10-19 146 (32.7) 49 (44.1)
>20 177 (39.6) 20(18.0)
Missing 1139 146

Percentages are calculated within each group, i.e. IDC or ILC, except for the
number of “Patients” indicated as % of total

IDC invasive ductal cancer, ILC invasive lobular cancer, pT pathological tumor
size, pN pathological lymph node status, LVS/ lymphovascular space invasion, ER
estrogen receptor

" p-value for x2 test

histopathological variables were significant determinants
of DFS and OS. In the subsequent multivariable analysis
only a few of them remained significant. The multivari-
able analysis for DFS showed the histologic tumor type,
IDC or ILC, to be an explanatory variable. The tumor

IDC ILC p-value*
n (%) n (%)
Surgery 0.52
No 4(0.3) 1(04)
Yes 1581 (99.7) 256 (99.6)
Missing 1 0
Adjuvant chemotherapy 0.022
No 1024 (64.8) 147 (57.2)
Yes 556 (35.2) 110 (42.8)
Missing 6
Radiotherapy 0.018
No 321(20.5) 68 (27.1)
Yes 1247 (79.5) 183 (72.9)
Missing 18 6
Endocrine therapy 0.1
No 81 (5.1) 7(2.8)
Yes 1497 (94.9) 247 (97.2)
Missing 8 3

Percentages are calculated within each group, ie. IDC or ILC

HR hormone receptor, HER2 human epithelial growth factor receptor 2, IDC
invasive ductal cancer, ILC invasive lobular cancer, pT pathological tumor size

" p-value for x? test, except when less than 5 observed in any cell then Fisher’s
exact test

type ILC had a 77% higher risk for an event (p=0.02)
than IDC. Next was pN3 associated with a hazard risk
of 2.29 compared to pNO (p=0.04). The presence of
LVSI increased the risk of an event (hazard ratio 1.75,
p=0.01), whereas the Allred score decreased it (hazard
ratio 0.84, p <0.001). Other variables, such as tumor size,
grading and Ki-67 were not contributive. In the multi-
variable analysis for OS the variables age (hazard ratio
1.05, p<0.001) next to LVSI (hazard ratio 3.62, p<0.001)
and the Allred score (hazard ratio 0.80, p<0.001) were
explanatory risk factors. The histologic tumor type and
other variables like tumor size were no determinants.

Discussion
This study on patients with HR+, HER2-, pT'1-3 breast
cancer shows the histologic invasive tumor type, ductal
or lobular, to be a determinant for DFS over 10 years in
a multivariable Cox regression analysis. LVSI and the
ER Allred score were determinants for both DFS and
OS over ten years, whereas pN3 was only a determinant
for DFS and age only for OS. In addition, Kaplan—Meier
curves for DFS showed a worse outcome for the histo-
logic tumor type ILC with lymph node metastasis.

The percentage of patients with ILC (13.9%) is in
accordance with the findings of other studies [21, 22].
Patients with ILC had larger tumors and more often a
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Fig. 1 Kaplan-Meier curves for DFS of patients with HR+, HER2-, pT1-3 IDC or ILC. DFS as fraction of total number of patients with IDC (n=984)
or ILC (n=144) and pNO, log rank test not significant (left) and of patients with IDC (n=551) or ILC (n=107) and pN > 1, log rank test p=0.02 (right)

pNO

08

0,6

04
Tumor type

ductal
—lobular
02 | ductal-censored
~+- lobular-censored

Log rank p=0.73

0,0

) 20 40 60 80 100 120

Time (months)

pN>=1
1,0 e 5
— —
%
08 “4.
0,6
04
Tumor type
ductal
—lobular
0.2 +— ductal-censored
—+—lobular-censored
Log rank p=0.24
0,0
0 20 40 60 80 100 120

Time (months)

Fig. 2 Kaplan—-Meier curves for OS of patients with HR+, HER2-, pT1-3 IDC or ILC. OS as fraction of total number of patients with IDC (n=984) or ILC
(n=144) and pNO, log rank test not significant (left) and of patients with IDC (n=551) or ILC (n=107) and pN > 1, log rank test not significant (right)

positive axillary lymph node status than those with IDC.
Previous studies found similar results 3, 13, 23, 24] and
can be explained by their infiltrative character resulting
in difficult diagnosis on palpation and by mammogra-
phy [7]. Furthermore, the large tumor size and positive
lymph node status might explain the somewhat higher
percentage of administered chemotherapy for ILC in our
collective.

In addition, this study found high ER Allred scores in
the great majority of ILC and less for IDC, and hence,
helps to explain the good sensitivity of ILC towards endo-
crine therapy [9]. The high percentage of ER positivity

for ILC is a constant finding over several studies [3-6,
9]. The recent study of Zhao [25] on the SEER database
2004-2015 with 144,651 IDC and 16,433 ILC reported
HR positivity (including HER2-positive tumors) in 82.7%
of the IDC and 98.6% of the ILC patients. The percent-
ages for HR+/HER2-negative IDC and ILC tumors were
71.3 and 94.5, respectively.

The majority of the lobular tumors had a low Ki-67
(82%) compared to their ductal counterparts (60.4%)
which has been documented before [26, 27]. Due to the
introduction of Ki-67 in recent years, older cases had no
Ki-67 staining which explains the high number of missing
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Table 3 Uni- and multivariable Cox regression analysis for DFS and OS for patients with HR+, HER2-, pT1-3 IDC or ILC

Variable Univariable analysis Multivariable analysis

Hazard ratio (95% Cl) p-value Hazard ratio (95% Cl) p-value

Model for disease-free survival (120 months)

Age (years) 0.99 (0.99-1.00) 0.20
pT <0001

1 (reference) 1.00

2 1.59 (1.28-1.97) <0.001

3 1.66 (1.01-2.72) 0.04

pN <0.001 0.20
0 (reference) 1.00 1.00

1 1.30 (1.02_1.65) 0.03 1.20 (0.73-1.97) 0.46
2 225 (1.60-3.18) <0.001 1.50 (0.74-3.02) 0.26
3 4.61 (2.96-7.18) <0.001 229 (1.03-5.09) 0.04
Histologic tumor type

Ductal (reference) 1.00 1.00

Lobular 1.19 (0.90-1.59) 0.20 1.77 (1.08-2.90) 0.02
Grading 0.004

1 (reference) 1.00

2 1.29 (0.88-1.89) 0.19

3 1.76 (1.19-2.60) 0.005

LVSI

No (reference) 1.00 1.00

Yes 1.78 (139-2.28) <0.001 1.75 (1.12-2.74) 0.01
Ki-67 1.01 (1.00-1.02) 0.02

ER Allred score 0.83 (0.78-0.89) <0.001 0.84 (0.78-0.91) <0.001
PR Allred score 094 (0.89-1.00) 0.07

Model for overall survival (120 months)

Age (years) 1.03 (1.01-1.04) <0.001 1.05 (1.02-1.07) <0.001
ol <0001

1 (reference) 1.00

2 216 (1.58-2.95) <0.001

3 141 (0.62-3.25) 049

pN <0001

0 (reference) 1.00

1 1.96 (136-2.82) <0.001

2 435 (2.77-6.83) <0.001

3 742 (4.16-13.25) <0.001

Histologic tumor type

Ductal (reference) 1.00

Lobular 1.24 (0.81-1.88) 032

Grading 0014

1 (reference) 1.00

2 1.68 (0.90-3.16) 0.1

3 2.36 (1.24-4.49) 0.009

LVSI

No (reference) 1.00 1.00

Yes 2.34 (1.64-3.34) <0.001 3.62 (1.92-6.82) <0.001
Ki-67 1.02 (1.00-1.04) 0.01

ER Allred score 0.81 (0.74-0.88) <0.001 0.80 (0.73-0.89) <0.001
PR Allred score 0.94 (0.85-1.03) 0.19
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Table 3 (continued)
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HR hormone receptor, HER2 human growth factor receptor 2, C/ confidence interval, pT pathological tumor status, pN pathological lymph node status, LVS/

lymphovascular space invasion, ER estrogen receptor, PR progesteron receptor

values. These missing values bring about the correspond-
ing cases to be omitted from the Cox regression analy-
sis. In the univariable analysis Ki-67 had a hazard ratio
of only 1.01 (95% CI 1.00-1.02, p=0.02) and was not of
significance in the multivariable model. Obviously, Ki-67
was not found to be a determinant of DFS or OS in this
confined collective.

According to Table 2 nearly all patients, independent of
the histologic tumor type, had surgery. In our study the
type of surgery, breast conserving or mastectomy, was
not specified.

Similarly, nearly all patients had endocrine therapy.
In 2001-2015, the administration of tamoxifen or an
aromatase-inhibitor for five years was standard. But
nowadays, the strict therapeutic landscape has evolved.
Ovarian suppression can be offered to premenopausal
patients at risk. Extended endocrine therapy for ILC or
IDC with risk factors is a frequently used option [28].
Furthermore, gene expression profiles for assessing the
benefit of adjuvant chemotherapy have become widely
available. Nevertheless, the major advantage of the strict
set-up of the endocrine therapy back at that time allows
for a good comparability between groups, such as for the
tumor type, in this study.

Radiotherapy was less frequent in ILC than IDC,
respectively 72.9% vs. 79.5%, and is probably related
to the type of surgery. In ILC, more mastectomies are
described [3, 23, 29-31], omitting the need for breast
radiation.

Different results about survival in ILC compared to
IDC have been described without a corresponding ade-
quate explanation [4, 11-15, 25]. In our study the inclu-
sion criteria were narrowed down to HR+, HER2- pT1-3
IDC or ILC. This collective represents the bulk of tumors
in clinical practice. As described earlier, Zhao [25] found
71.3% of IDC and 94.5% of ILC in the SEER database to
be HR+/HER2-. By omitting triple negative as well as
HER?2 + breast cancer the survival curves will not be gov-
erned anymore by outliers with an unfavorable progno-
sis. In our chosen collective of HR+/HER2- tumors the
survival curves of IDC will have ameliorated more than
those of ILC as IDC contained in Zhao’s publication
28.7% triple negative and HER2+tumors whereas this
was for ILC just 5.5%.

Using exactly these criteria the subsequent Kaplan-—
Meier curves showed in case of a positive lymph node
status the DFS, but not OS, of the histologic tumor type
ILC to be significant worse than for IDC. In case of
pNO the DFS or OS for both tumor types did not differ

significantly. Adachi et al. [14] studied luminal tumors
defined as ER +and HER2- and found similar results with
a worse DFS and OS for node-positive ILC compared
to IDC. In this study the node-positive ILC group dem-
onstrated even a worsening of the DFS after 60 months.
Obviously, in this group an excess of high-risk ILCs were
present. In addition, stopping of the endocrine therapy
after 5 years at that time in 2001-2015 might also help
to explain this observation. Nowadays endocrine therapy
for ILC is at least five years, preferably 7-10 years accord-
ing to international guidelines [28].

Next step in the survival analysis showed nearly all clin-
ical and histopathological parameters in the univariable
analysis to be significant. Other publications have similar
conclusions, including an increased risk for ILC in lumi-
nal tumors, defined as HR +, HER2- [14, 26].

By including the ER Allred score in combination
with the histologic tumor type in the multivariable Cox
regression analysis for DFS over 10 years, a significant
difference for the histologic tumor type, ILC or IDC,
could be determined. With IDC as reference, the tumor
type ILC gave an additional risk of 77% for an event. On
the other hand for each arbitrary unit of the ER Allred
score there was a risk reduction of 16%. Most of the ILCs
had high ER Allred scores, whereas this was not the case
for IDC. In case of ILC with the maximum Allred score,
the risk reduction was substantial. For this reason most
ILCs had a very good DFS, although the histologic tumor
type ILC itself was a risk factor. Other studies applying a
multivariable analysis on their data were either in a dif-
ferent patient population or did not take the ER Allred
score into account [14, 26, 27]. Interestingly, Adachi et al.
[14] found a significant increased risk for the tumor type
ILC in the multivariable analysis following the inclusion
of endocrine therapy and chemotherapy, which however
should be regarded as confounders. Flores-Diaz et al.
[27] described an increased hazard ratio (1.6, p=0.017)
for the tumor type ILC, but also included the phenotype
(hormone-sensitive, triple negative or HER2+) in the
multivariable DFS analysis. In our study LVSI and pN3
were other determinants of DFS over 10 years. Not iden-
tifying the grade as a determinant might be surprising.
The prognosis of ILC is considered to be good as ILCs are
likely to be low grade [3, 4, 9, 11, 25, 26, 32]. In our study,
most ILCs were classified as grade 2. Metzger-Fihlo
et al. [33] reassessed the histological grade (HG) of 166
ILC samples using the Genomic Grade gene expression
profile (GG). The HG classification for grade 1, 2 and 3
was 20%, 73% and 7%, respectively. Using the Genomic
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Grade, the problematic group of G2 was reduced: 64% for
GG1, 19% for GG2 and 17% for GG3. In a multivariable
Cox proportional hazards model, GG2/GG3 proved to be
a significant prognostic factor for DFS and OS. Histologi-
cal assessment of the grade in ILC seems to be difficult
and compromises the value of grading as a prognostic
factor.

For the OS over 10 years LVSI, the ER Allred score, and
age played a major role but not the histologic tumor type.
These findings are not extraordinary when considering
studies about aromatase-inhibitors. These studies show
significant results for the effect of aromatase-inhibitors
on DFS, but continuation of these studies to evaluate the
effect of aromatase-inhibitors on OS did not reveal sig-
nificant results as other death causes started to prevail.

In a recent publication Zhao [25] analyzed 171,881
patients with IDC, ILC and mixed IDC and ILC (IDLC)
in the SEER database. In a Cox regression analysis, the
tumor types ILC and IDLC were determinants for OS
(hazard ratio 0.84, 95% CI 0.77-0.90 and hazard ratio
0.91, 95% CI 0.83-1.00) although this was not the case
for breast cancer specific survival. In Zhao’s Cox model
there were no restrictions for the tumors examined:
triple negative, HER2 positive and T4 tumors were
included. Further, no ER Allred score was utilized next
to the tumor type, just ER-positivity, which was highly
significant. These divergences led inevitably to differ-
ences in the observed findings. Another factor of inter-
est is the not specified number of months for OS in the
Cox model by Zhao, but might be 5 years according to
the Kaplan—Meier curves. We observed, however, a fur-
ther worsening of DFS for node-positive ILC 60 months
after initial diagnosis. By reducing the survival time to
5 years the subsequent multivariable analysis by Zhao
will have resulted in a reduced risk for ILC and is another
factors explaining differences in the results. In the study
by Timbres et al. [34] the follow-up was till 20 years and
the OS of patients with ER+IDC and ILC was analyzed.
T4 tumors were, however, included. One of the Cox pro-
portional hazard analyses comprised 784 patients with
ER+HER2- IDC or ILC following adjuvant or neoadju-
vant chemotherapy. ILC had an increased hazard ratio of
1.46 (95% CI 1.06—1.93) vs. IDC.

Invasive lobular cancer is different from ductal can-
cer in clinical appearance, imaging, histopathological
findings, treatment options and survival. This histo-
logic tumor type needs clarification in many ways.
The underlying causes of its high hormone sensitivity
and chemoresistance are challenges to explore. In this
study data were well documented and collected care-
fully allowing a substantial analysis between groups.
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The study itself is retrospective and single-institu-
tional, but the risk of bias is low, as the medical setup
and the reporting of routine clinical features and his-
topathological findings was standardized and uni-
form. Furthermore, therapeutic schemes were rather
straightforward at that time. By restriction to HR+,
HER2-, pT1-3, ductal and lobular cancers without dis-
tant metastasis, tumors with an unfavorable prognosis,
such as triple negative and HER2 + breast cancer, were
omitted especially in the IDC group. ILC tumors had
different characteristics than IDC: larger in size, more
grade 2 tumors, low Ki-67 and high ER Allred score.
Using Kaplan—Meier curves lymph node-positive ILC
showed a worse DES than the corresponding IDC. In
the multivariable analysis the tumor type, ductal or
lobular, was proven to be a determinant of DFS just
as LVSI, the ER Allred score for DFS and OS, pN3
for DFS and age for OS. Face it, in terms of survival
ILC and IDC are different, next to other determinants
related to the potential to metastasize, hormone recep-
tor-status and age.
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