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A B S T R A C T

Background: Evaluation of the prognostic performance and clinical utility of the MammaPrint 70-gene signature 
in early-stage invasive lobular carcinoma (ILC) for whom such analyses in a randomized trial is awaited.
Patients and methods: Exploratory subgroup analysis of MINDACT trial patients with centrally assessed histology 
(n = 5929) with invasive breast cancer of no-special-type (NST), or pure ILC. In the trial patients were cate
gorized based on the 70-gene signature for genomic risk and modified Adjuvant!Online for clinical risk. Survival 
outcomes at 8.7 years median follow-up by 70-gene signature were compared between NST and ILC for Distant 
Metastasis-Free Survival (DMFS), Disease-Free Survival (DFS) and Overall Survival (OS).
Results: 5313 patients were ILC (n = 487) or NST (n = 4826). ILC was further classified into classic ILC (n = 255) 
or ILC variants (n = 232). The 70-gene signature classified 16.2 % of ILC and 39.1 % of NST as genomic high-risk 
(gH). Survival outcomes for ILC vs. NST revealed similar estimates according to genomic risk overall and across 
subsets. The 70-gene signature classified 10.2 % of classic ILC and 22.8 % of ILC variants as gH. 5-yr DFS es
timates for ILC variants 88.4 % (95 %CI: 83.1–92.1) was inferior to classic ILC 93.0 % (95 %CI: 88.7–95.7).
Conclusions: Sixteen percent of ILC were classified high genomic risk by the 70-gene signature, with unfavorable 
survival outcomes. Survival estimates were similar for patients with ILC and NST classified as either low- or high- 
genomic risk, suggesting that the 70-gene signature also has prognostic value in ILC and may be a clinically 
useful tool for adjuvant treatment decision-making in ILC.
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1. Introduction

Invasive lobular carcinoma (ILC) accounts for 10–15 % of all breast 
cancers and represents the second most common histological subtype of 
breast cancer [1]. ILC differs from invasive carcinoma of no special type 
(NST, formerly called invasive ductal breast cancer) in the transcrip
tional profile, genomic landscape, patterns of disease relapse, and 
responsiveness to systemic therapies [2–10]. ILC is classically described 
as estrogen receptor-positive with low to intermediate histological 
grade, and a discohesive growth pattern attributed to loss of function of 
e-cadherin [11]. Approximately half of ILC tumors are so-called “classic 
ILC” and variants such as pleomorphic and solid ILC; these variants have 
been associated with worse outcomes as compared with classic ILC [11, 
12].

In the early-stage setting, most patients diagnosed with ILC are 
treated with adjuvant endocrine therapy, while decisions related to the 
use of chemotherapy remain controversial. Data from retrospective se
ries point to inferior response rates to preoperative chemotherapy [9,13]
in ILC compared with NST [14–16]. These data have contributed to the 
perceived notion of ILC tumors being less responsive to chemotherapy, 
although this theory remains to be confirmed NST [10]. If so, one could 
speculate that patients who have ILC with high-risk features have a 
worse prognosis than patients who have NST with such high-risk fea
tures. Hence, comparing outcomes of patients diagnosed with ILC and 
NST matched by genomic risk subsets should be pursued as an initial 
step to shed light on this controversy.

MINDACT demonstrated that patients diagnosed with high risk 
defined by clinical features, but low genomic risk by the 70-gene 
signature, had an excellent distant metastasis-free survival (DMFS) 
outcome when treated with adjuvant endocrine therapy and no adjuvant 
chemotherapy. In this study, we evaluated the prognostic performance 
and clinical utility of 70-gene signature among patients diagnosed with 
ILC confirmed at central pathology review and enrolled in the phase III 
MINDACT clinical trial [17,18].

2. Patients and methods

2.1. Patients

This analysis includes patients enrolled 2007 through 2011 in the 
MINDACT phase III study and diagnosed with either ILC or NST (Fig. 1). 

The median follow-up of patients is 8.7 years (IQR 7.8 – 9.7) with 5-year 
follow-up information available for over 90 % of the study population 
[18]. Histological subtypes were defined based on the central pathology 
assessment performed on the primary tumor. The MINDACT study 
population included patients aged 18–70 years, with histologically 
confirmed primary invasive breast cancer (stage T1, T2 or operable T3) 
with up to three positive lymph nodes, no distant metastases, and a 
World Health Organization (WHO) performance status of 0–1. The 
70-gene signature (i.e., MammaPrint) was used to determine the 
genomic risk, and a modified version of Adjuvant! Online (modified 
from version 8.0 including human epidermal growth factor receptor 2 
(HER2) status) was used to determine the clinical risk. Patients with low 
clinical and low genomic risk results did not receive chemotherapy, and 
patients with high clinical and high genomic risk did receive chemo
therapy (mostly anthracycline-based or taxane-based, or a combina
tion). Patients with discordant risk results (i.e., patients with high 
clinical risk but low genomic risk, and those with low clinical risk but 
high genomic risk) were randomly assigned (1:1) to receive chemo
therapy or not based on either the clinical risk or the genomic risk. 
Randomization was done centrally and used a minimization technique 
that was stratified by institution, risk group and clinical–pathological 
characteristics. Treatment allocation was not masked. The study pri
mary endpoint was to test whether the DMFS rate at 5 years in patients 
with high clinical risk and low genomic risk not receiving chemotherapy 
had a lower boundary of the 95 % confidence interval (CI) above the 
predefined non-inferiority boundary of 92 %. The primary test popula
tion included patients with high clinical risk and low genomic risk who 
adhered to the treatment allocation of no chemotherapy and had no 
change in risk post-enrollment. In this exploratory analysis, we sought to 
evaluate the prognostic performance and potential clinical utility of the 
70-gene signature for patients diagnosed with ILC. All participants 
provided written informed consent. Ethics committees and relevant 
health authorities approved the protocol, which was carried out in 
accordance with the Declaration of Helsinki.

2.2. Pathology assessment

Central pathology evaluation of histological subtype was performed 
on hematoxylin and eosin-stained slides at the European Institute of 
Oncology, Milan, Italy. This analysis was restricted to tumors identified 
as NST and ILC (i.e., classic type and ILC variants) only by local 

Enrollment
N = 6693

Central pathology assessment 
N = 5929 (88.6%)

ILC
N = 487 (8.2%)

NST
N = 4826 (81.4%)

Other histologic type 
(not NST, not ILC)
N = 616 (10.4%)

• Cribriform mix n = 126 (2.1%) 
• Cribriform pure n = 112 (1.9%) 
• Mucinous pure n = 87 (1.5%) 
• Tubular pure n = 31 (0.5%) 
• Tubular mix n = 28 (0.5%) 
• Metaplas�c n = 17 (0.3%) 
• In situ carcinoma n = 16 (0.3%) 
• Medullary atypic n = 8 (0.1%) 
• Adenoid-cys�c carcinoma n = 2 (0.0%)
• Other n = 148 (2.5%) 
• No cancer n = 41 (0.7%)

ILC classic
N = 255 (52.4%)

ILC variants
N = 232 (47.6%)

• Trabecular n = 86 (17.7%)
• Alveolar n = 55 (11.3%)
• Solid n = 43 (8.8%)
• His�ocytoid n = 16 (3.3%)
• Pleomorphic n = 12 (2.5%)
• Tubulo-lobular n = 8 (1.6%)
• Signet ring n = 7 (1.4%)
• Apocrine n = 5 (1.0%)

Fig. 1. Patient disposition.
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pathology. Data from patients with mixed histology were not included in 
the analysis. MINDACT eligibility criteria initially included a minimum 
50 % tumor cell cellularity based on central pathology assessment to 
determine eligibility. The tumor cell eligibility criterion was subse
quently changed to 30 % in a protocol amendment April 2008. Most 
patients diagnosed with ILC were enrolled once the cut off was reduced 
to 30 %.

2.3. Endpoints and statistical methods

The agreement between local and central assessment of histologic 
subtype was assessed using unweighted Kappa coefficients across the 
three categories: NST, ILC, and not NST nor ILC.

The current analysis uses protocol-specified endpoints. DMFS, the 
study primary endpoint, was defined as time from randomization to the 
earliest time of distant metastasis or death. Contralateral breast cancers 
and secondary cancers were not considered DMFS events. Disease-free 
survival (DFS) was defined as the time from randomization to the 
earliest time of a loco-regional recurrence (i.e., invasive or in situ), 
distant metastasis, invasive contralateral breast cancer, second primary 
malignancy, or death from any cause. Lobular carcinoma in situ was not 
considered an event for DFS. Overall survival (OS) was defined as time 
from randomization to death from any cause. Time to event endpoints 
for DMFS, DFS and OS were displayed using Kaplan-Meier curves across 
histological subtypes. The association between histological subtypes and 
clinical outcomes was explored using multivariate cox regression 
adjusted for clinicopathologic factors (i.e., age [≤50 years vs. > 50 
years], tumor size [≤1 cm, >1–2 cm, >2 cm], nodal status [negative vs. 
positive], HER2 status [negative vs. positive], histologic grade [1, 2, 3]), 
70-gene risk signature (low vs. high), and chemotherapy use (yes vs. no) 
and endocrine therapy use with regards to HR status (HR negative, HR 
positive with endocrine therapy, HR positive without endocrine 
therapy).

3. Results

Among 6693 patients enrolled into MINDACT, 5929 (88.6 %) pa
tients had a central pathology assessment available (Fig. 1). Local and 
central pathology assessment of histological subtypes identified the 
same histology in 4877 patients (concordance: 82.3 % (95 % CI: 
81.3;83.3), corresponding to an unweighted Kappa coefficient of 0.43 
(95 % CI: 0.40;0.46). The discordance between local and central pa
thology assessment was mainly driven by histologic subtypes other than 
ILC and NST, accounting for rarer subtypes of breast cancer. When 
restricting to patients diagnosed with ILC and NST, the Kappa coefficient 
increased to 0.71 (95 %CI: 0.67;0.74), Table 1. Still, only 395 out the 
614 patients (64.3 %) diagnosed locally as ILC were confirmed as ILC by 
central pathology review, while only 64 out of the 4900 patients diag
nosed locally with NST were confirmed as ILC, suggesting an over- 
estimation of pathological ILC diagnosis by local pathology.

The current study population includes 487 patients diagnosed with 
ILC and 4826 patients diagnosed with NST defined by central pathology 
assessment. The subset of ILC was subclassified into classic ILC 
(n = 255) and ILC variants (n = 232). The subset of ILC variants was 
composed of rarer variants of ILC including trabecular, alveolar, solid, 
pleomorphic, histiocytoid, apocrine, signet ring and tubulo-lobular.

Clinical and pathological characteristics according to histological 
subtypes are shown in Table 2. When compared to NST, ILC tumors were 
larger (> 2 cm, 41.1 % vs. 27.1 %), more often treated with mastectomy 
(32 % vs. 16 %), more often ER-positive (98.8 % vs. 87.7 %), and less 
often HER2-positive (3.5 % vs. 10.6 %). Nodal status was balanced be
tween groups (18.5 % and 21.5 % being node-positive in the ILC and 
NST group, respectively). Patients diagnosed with NST were more often 
premenopausal at the time of diagnosis (36.3 % vs. 29 %) and more 
commonly treated with adjuvant chemotherapy (45.1 % vs. 30.6 %) The 
clinical risk classification was balanced between ILC and NST subsets 

with 48.3 % and 51.5 % classified as clinical high-risk (cH), respec
tively. The 70-gene signature classified 16.2 % and 83.8 % of ILC tumors 
as high- and low- genomic risk respectively. The distribution of genomic 
risk varied by ILC subsets, with 10.2 % of classic ILC and 22.9 % of ILC 
variants classified as high-genomic risk (gH). In the subset of NST, the 
70-gene signature classified 39.1 % and 60.9 % of NST tumors as gH and 
low-genomic risk (gL), respectively. Among patients diagnosed with ILC, 
clinical and genomic risk assessments were concordant in 45.8 % for 
clinical low-risk (cL)/genomic low-risk (gL) and 10.3 % for cH/gH). The 
estimates were discordant in 6 % for cL/gH and in 38 % for cH/gL.

The estimated outcomes for patients diagnosed with ILC and NST 
were similar at median follow-up of 8.7 years (Interquartile Range (IQR) 
7.8–9.7) (Supplementary Fig. 1). When adjusted for clinico-pathologic 
variables and treatment, patients diagnosed with ILC and NST had 
similar survival outcomes for DMFS (HR = 0.87; 95 % CI: 0.63–1.21, 
p = 0.63), DFS (HR = 0.91; 95 % CI: 0.72–1.15, p = 0.73) and OS (HR =
1.07; 95 % CI: 0.74–1.56, p = 0.4) (Supplementary Table 1).

The prognostic information obtained with the 70-gene signature 
classification appeared to be similar for patients diagnosed with ILC and 
for patients with NST (Fig. 2). Five-year DMFS estimates were 96.6 % 
(94.2 % - 98 %) and 96.4 % (95.6 % - 97 %) for ILC and NST g-low, and 
88.1 % (78.4 % - 93.6 %) and 92.1 % (90.8 % - 93.3 %) for ILC and NST 
g-high, respectively. At 5 years, the prognostic performance of 70-gene 
signature in identifying gL risk subsets with favorable DMFS outcomes 
was similar for ILC and NST subsets (p for interaction =.54), (Fig. 2). The 
estimates for DFS (Fig. 2) and OS (Fig. 2c) were also similar for ILC an 
NST when matched by genomic subsets.

4. Discussion

The present study revealed the prognostic performance of the 70- 
gene signature for patients diagnosed with ILC. The 70-gene signature 
classified 16 % of ILC and 39 % of NST tumors as gH. Risk stratification 
varied within the subsets of ILC, with 10.2 % of classic ILC and 23 % of 
ILC variants classified as high genomic risk. Survival outcomes, 
including DFMS, DFS and OS were similar for ILC and NST patients by 
the 70-gene signature risk subsets. Notably, in this MINDACT study 

Table 1 
Cross tabulation of histologic subtypes by local and central pathology 
evaluation.

NST 
(N ¼ 4826)

ILC 
(N ¼ 487)

Other (not 
NST, not 
ILCr) 
(N ¼ 616)

Total 
(N ¼ 5929)

​ N (%) N (%) N (%) N (%)
Histologic type by 
local assessment

​ ​ ​ ​

NST 4371 (90.6) 64 (13.1) 465 (75.5) 4900 (82.6)
ILC 219 (4.5) 395 (81.1) 40 (6.5) 654 (11.0)
Other (not 

NST, not ILC)
232 (4.8) 28 (5.7) 111 (18.0) 371 (6.3)

Missing 4 (0.1) 0 (0.0) 0 (0.0) 4 (0.1)
​
Overall 
concordance 
(95 %CI)

4877/5929 82.3 % (95 %CI: 81.3;83.3)

Unweighted 
Kappa coefficient 
(95 %CI)

0.43 (95 %CI: 0.40;0.46)

Unweighted 
Kappa coefficient 
(95 %CI) 
(excluding Other 
histologic types), 
see shaded cells 
considered

0.71 (95 %CI: 0.67;0.74)

Abbreviations: NST, invasive breast cancer of no special type; ILC, Invasive 
Lobular Carcinoma; CI, confidence interval.
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population a higher proportion of ILC patients as compared to the NST 
patients, is 70-gene signature low risk.

Our study is one of the first reports coming from a prospective phase 
III study demonstrating the prognostic utility of a genomic signature for 
patients diagnosed with early-stage ILC. It however has some limitations 
inherent to its exploratory nature, small numbers within the subsets of 
ILC, and the inability to answer the benefits of chemotherapy by 
genomic subsets.

One of the strengths of this study was the central pathology review of 
histological subtypes. This highlighted the possible overdiagnosis of ILC 
by local pathologists, as only 60.4 % of the patients diagnosed with ILC 
locally had the lobular diagnosis confirmed by central pathology. These 
results are in line with those reported by Christgen and colleagues [19]
in the West German Study Group PlanB trial. We emphasize the need to 
harmonize and standardize ILC diagnosis [20].

Since the central pathology review also included the determination 
of the ILC subtype, we could investigate risk stratification according to 
the 70-gene signature for classic ILC and ILC variants. In the subset of 
classic ILC, the 70-gene signature classified 10.2 % of tumors as high- 
risk. This is particularly important as classic ILC tumor is enriched for 
features indicating favorable biology (e.g., low to intermediate histo
logic grade) posing challenges to risk stratification using clinico- 
pathologic features. Moreover, the classification of 23 % of ILC vari
ants as high genomic risk is equally important [11,21]. Our observations 
are in line with those from Christgen and colleagues [19] regarding the 
Oncotype DX recurrence score in the West German Study Group PlanB 
trial. Similarly, the genomic risk stratification for ILC and ILC variants 
was also evaluated in a retrospective series using the Genomic Grade 
Index (GGI) assay. The GGI assay classified 16 % of classic ILC and 27 % 
of pleomorphic ILC tumors as high genomic risk with inferior survival 
outcomes [22]. Less common variants of ILC such as pleomorphic ILC 
and solid ILC are associated with poor prognostic features and inferior 
survival outcomes when compared to classic ILC [4,11,12,22]. Alto
gether, these observations point to the importance of reporting on the 
ILC subtype in pathology reports.

The prognostic utility of the 70-gene signature for patients diagnosed 
with ILC was previously evaluated in a retrospective series with a total of 
217 ILC tumors with inferior outcomes in the subset classified as 70-gene 
signature high-risk [23,24].

In the current study, patients diagnosed with ILC and NST had 
similar survival estimates when matched by the 70-gene genomic risk. 
The survival outcomes were similar when focusing on DMFS, the pri
mary endpoint of MINDACT, but the same was observed for DFS and OS. 

Table 2 
Comparison of baseline characteristics from patients with ILC and NST included 
in this analysis.

NST 
(N ¼ 4826)

ILC 
(N ¼ 487)

N (%) N (%)

Age ​ ​
Median 54.8 57.0
Range 23.4–71.0 33.0–70.8
Q1-Q3 47.3–62.0 50.0–63.2
< ¼ 50 years old 1647 (34.1) 121 (24.8)
> 50 years old 3179 (65.9) 366 (75.2)

Menopausal status ​ ​
Premenopausal 1794 (37.2) 144 (29.6)
Postmenopausal 2859 (59.2) 323 (66.3)
Missing 173 (3.6) 20 (4.1)

WHO performance status ​ ​
0 4627 (95.9) 470 (96.5)
1 198 (4.1) 16 (3.3)
2 1 (0.0) 1 (0.2)

Lymph node status ​ ​
Node negative 3789 (78.5) 397 (81.5)
1 positive LN 695 (14.4) 66 (13.6)
2 positive LN 223 (4.6) 14 (2.9)
3 positive LN 115 (2.4) 10 (2.1)
> 3 positive LN 4 (0.1) 0 (0.0)

Type of breast cancer surgery performed ​ ​
Breast conserving surgery 4030 (83.5) 331 (68.0)
Mastectomy 796 (16.5) 156 (32.0)

Lymph node resection procedure ​ ​
Full axillary dissection 1589 (32.9) 172 (35.3)
Sentinel lymph node sampling 3237 (67.1) 315 (64.7)

Pathological tumor size ​ ​
< ¼ 1 cm 655 (13.6) 46 (9.4)
1–2 cm 2863 (59.3) 241 (49.5)
2–5 cm 1278 (26.5) 172 (35.3)
. > 5 cm 30 (0.6) 28 (5.7)

ER (central pathology) cut at 1 % ​ ​
- 594 (12.3) 6 (1.2)
þ 4230 (87.7) 481 (98.8)
Missing 2 (0.0) 0 (0.0)

PgR (central pathology) cut at 1 % ​ ​
- 971 (20.1) 46 (9.4)
þ 3849 (79.8) 438 (89.9)
Missing 6 (0.1) 3 (0.6)

HR status (pathology) ​ ​
Negative (Both ER and PgR -) 579 (12.0) 6 (1.2)
Positive (ER and/or PgR þ) 4245 (88.0) 481 (98.8)
Missing 2 (0.0) 0 (0.0)

HER2 status (central pathology) ​ ​
- 4287 (88.8) 469 (96.3)
þ 510 (10.6) 17 (3.5)
Missing 29 (0.6) 1 (0.2)

Ki67 (central pathology) cut at 14 % and 
20 %

​ ​

. < 14 % 1425 (29.5) 264 (54.2)
14 % - < 20 % 1181 (24.5) 140 (28.7)
20 % - 100 % 2206 (45.7) 80 (16.4)
Missing 14 (0.3) 3 (0.6)

Histological grade (central pathology) ​ ​
1 973 (20.2) 82 (16.8)
2 2609 (54.1) 379 (77.8)
3 1234 (25.6) 26 (5.3)
Missing 10 (0.2) 0 (0.0)

Risk (clinical/genomic) ​ ​
cL/gL 1890 (39.2) 223 (45.8)
cL/gH 454 (9.4) 30 (6.2)
cH/gL 1048 (21.7) 185 (38.0)
cH/gH 1434 (29.7) 49 (10.1)

Clinical risk ​ ​
Low risk 2344 (48.5) 253 (52.0)
High risk 2482 (51.4) 234 (48.0)

Genomic risk ​ ​
Low risk 2938 (60.9) 408 (83.8)
High risk 1888 (39.1) 79 (16.2)

Radiotherapy received ​ ​
No 580 (12.0) 90 (18.5)

Table 2 (continued )

NST 
(N ¼ 4826) 

ILC 
(N ¼ 487)

N (%) N (%)

Yes 4205 (87.1) 392 (80.5)
Missing 41 (0.8) 5 (1.0)

Local treatment (surgery þ- RT) ​ ​
Breast conserving only 34 (0.7) 2 (0.4)
Breast conserving þ RT 3968 (82.2) 326 (66.9)
Mastectomy only 546 (11.3) 88 (18.1)
Mastectomy þ RT 237 (4.9) 66 (13.6)
Breast conserving (RT unknown) 28 (0.6) 3 (0.6)
Mastectomy (RT unknown) 13 (0.3) 2 (0.4)

Adjuvant chemotherapy received ​ ​
No 2635 (54.6) 337 (69.2)
Yes 2176 (45.1) 149 (30.6)
Missing 15 (0.3) 1 (0.2)

Adjuvant endocrine therapy received ​ ​
No 1000 (20.7) 51 (10.5)
Yes 3777 (78.3) 429 (88.1)
Missing 49 (1.0) 7 (1.4)

Abbreviations: NST, invasive breast cancer of no special type; ILC, Invasive 
Lobular Carcinoma; LN, lymph nodes; ER, estrogen receptor; PgR, progesterone 
receptor; RT, radiotherapy.
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Of relevance, clinical risk stratification at baseline was well balanced for 
ILC and NST subsets facilitating the interpretation of our survival ana
lyses (Table 2). It also shows that 18.5 % of ILC patients had 1–3 node- 
positive disease of whom the majority has one positive node (similar to 
21.5 % NST), and that 41.1 % of ILC had a tumor size over 2 cm (as 
expected a higher proportion than 27 % as seen in NST), implying that 
the 70-gene signature also holds prognostic value for these patients with 
somewhat higher stage ILC.

Our analyses were conducted using the updated results from 
MINDACT with 5-year follow-up information available for over 90 % of 
the study population. The mature follow-up information in the initial 5 
years provides us with critical insights for a careful discussion about risk 
stratification and treatment decisions. The median follow-up of 8.7 years 
(IQR 7.8 – 9.7) allowed us to investigate risk of relapse beyond 5 years (i. 
e., late relapse), an important factor when evaluating survival outcomes 

in the subset of ILC, considering the propensity for late relapse, although 
our evaluation beyond 10 years is currently sparse [25]. While we were 
not able to investigate chemotherapy treatment benefit by genomic 
subsets due to small numbers in each subgroup, there are important 
observations to be made. As previously demonstrated, the clinical utility 
of the 70-gene signature is depicted by its ability to identify favorable 
long-term DMFS among patients diagnosed with high-clinical risk, but 
low genomic risk [18]. In our study, and despite the limited numbers, 
the 70-gene signature appeared to have a similar prognostic perfor
mance for patients diagnosed with ILC, which could imply that those 
with a 70-gene low-risk signature could consider to forego chemo
therapy regardless of clinical risk. While it is tempting to imply that 
patients diagnosed with ILC and high genomic risk should benefit from 
chemotherapy, our results do not support such conclusion due to limited 
statistical power to compare outcomes in patients with ILC treated or not 

a b

c

Fig. 2. DMFS, DFS and OS by histologic type and genomic risk. a. DMFS by histologic type and genomic risk. b. DFS by histologic type and genomic risk. c. OS by 
histologic type and genomic risk. Abbreviations: DMFS, Distant Metastasis-Free Survival; DFS, Disease-Free Survival; OS, Overall Survival.
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with adjuvant chemotherapy. It is important to note that a prospective, 
randomized clinical trial to evaluate the benefits of adjuvant chemo
therapy for patients diagnosed with ILC may not be feasible. Patients 
and providers may be unlikely to support a study where patients diag
nosed with ILC and high genomic risk would be randomized to adjuvant 
chemotherapy vs. not. Hence, 70-gene signature testing for ILC tumors 
may inform clinical practice, by providing clinicians and patients with 
prognostic information that could facilitate treatment decisions.

Retrospective population-based series with large number of partici
pants such as the Netherlands Cancer Registry (n = 3685 patients) [26], 
the California Cancer Registry (n = 4095 patients) [27], and the SEER 
database [28] reported on the lack of benefit with adjuvant chemo
therapy for patients diagnosed with ILC. These were followed more 
recently by a systemic literature review and meta-analysis (n = 38,387 
patients) on adjuvant chemotherapy in ILC [29], and an Oxford 
meta-analysis (n = 37298 patients) for dose-dense chemotherapy regi
mens [30], where neither found significant benefit of adjuvant chemo
therapy. Looking into specific groups of ILC, a survival advantage of 
adjuvant chemotherapy was identified in high-risk, ER-positive, 
HER2-negative ILC (defined as having either macroscopic lymph node 
involvement, or a tumor size >20 mm and lymphovascular invasion), 
but not in low-risk ILC [31,32]. The benefit of chemotherapy in these 
studies, as well as other specific subsets of ILC was comprehensively 
summarized in a review paper by van Baelen et al, concluding that there 
is a subset of patients with high-risk ILC who could benefit from 
chemotherapy [33].

Several smaller studies to date have evaluated prognostic test, mostly 
Oncotype and MammaPrint, for their prognostic and predictive ability 
[33]. In a retrospective series from SEER including patients diagnosed 
with ILC and available Oncotype DX Recurrence Score (RS), the authors 
reported on a significant association between RS and OS, but failed to 
demonstrate benefits with adjuvant chemotherapy within the subset of 
patients with high RS tumors [34]. The small number of ILC tumors 
classified as high-risk and the favorable long-term prognosis within this 
subset limit the interpretation of the results.

The prognostic utility of RS was evaluated in a retrospective analysis 
of the West German Study Group PlanB trial [19]. The study included 
353 (14 %) patients diagnosed with ILC and 2332 (86 %) with non-ILC 
assessed by central pathology review of histological subtypes. RS clas
sified 20 %, 72 % and 8 % of the ILC tumor as low-, intermediate and 
high-RS, respectively. In a multivariate analysis, the subset of ILC tu
mors classified as high-RS, had a non-significant trend towards inferior 
5-year DFS. Moreover, additional retrospective series reported on sig
nificant associations between genomic risk assessment and outcomes for 
patients diagnosed with ILC, including PAM50 [35], Endopredict [36]
and Breast Cancer Index [37].

The incidence of discordant clinical and genomic risk in patients with 
invasive lobular or ductal carcinoma of the breast and its impact on 
prognosis and chemotherapy benefit was studied for MammaPrint in a 
National Cancer Database Study (n = 1497 patients) [38]. This registry 
study did not reveal a chemotherapy benefit for ILC patients with 
genomic high-risk features, though numbers are low and patients were 
not randomized for such treatment.

It is important to note that, so far, no data exist suggesting that ILC 
classified as high genomic risk, through any of the available genomic 
signatures, has a better response to chemotherapy. Likewise, no data 
support the decision to withhold chemotherapy in ILC based exclusively 
on genomic risk results. No available genomic test has demonstrated 
clinical utility for chemotherapy-decision making for ILC, specifically 
for ILC, but as reported here, patients diagnosed with ILC were included 
in the seminal phase III studies.

5. Conclusion

Our findings indicate the prognostic value of the 70-gene signature 
among patients diagnosed with early stage ILC. There are three 

important messages to inform practice from this study. First, the 70-gene 
signature classified 16 % of ILC tumors as high-genomic risk, reflecting 
worse survival outcomes. Second, patients diagnosed with ILC, and NST 
had similar long-term survival outcomes when matched by the 70-gene 
signature genomic risk. Third, our data do not indicate nor rule out a 
potential benefit for adjuvant chemotherapy for the subset of patients 
diagnosed with ILC and genomic risk high.

In summary, the prognostic information obtained with the 70-gene 
signature may be useful for prognostication and adjuvant therapy 
treatment decisions for patients diagnosed with ILC.
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