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Abstract
Background  Invasive lobular carcinomas (ILCs) represent approximately 10% of all breast cancers. Despite this high fre-
quency, benefit of adjuvant chemotherapy (CT) is still unclear.
Methods  Our objective was to investigate the impact of CT on survival in ILC. Patients were retrospectively identified 
from a cohort of 23,319 patients who underwent primary surgery in 15 French centers between 1990 and 2014. Only ILC, 
hormone-positive, human epidermal growth factor 2 (HER2)-negative patients who received adjuvant endocrine therapy 
(ET) were included. End-points were disease-free survival (DFS) and overall survival (OS). A propensity score for receiving 
CT, aiming to compensate for baseline characteristics, was used.
Results  Of a total of 2318 patients with ILC, 1485 patients (64%) received ET alone and 823 (36%) received ET + CT. We 
observed a beneficial effect of addition of CT to ET on DFS and OS in multivariate Cox model (HR = 0.61, 95% confidence 
interval, CI [0.41–0.90]; p = 0.01 and 0.52, 95% CI [0.31–0.87]; p = 0.01, respectively). This effect was even more pronounced 
when propensity score matching was used. Regarding subgroup analysis, low-risk patients without CT did not have significant 
differences in DFS or OS compared to low-risk patients with CT.
Conclusion  ILC patients could derive significant DFS and OS benefits from CT, especially for high-risk patients.
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Abbreviations
CI	� Confidence interval
CT	� Adjuvant chemotherapy
DFS	� Disease-free survival
EC	� Endocrine therapy
HER2	� Human epidermal growth factor 2
HR	� Hazard ratio
IDC	� Invasive duct carcinoma of no special type
IHC	� Immunohistochemistry
ILC	� Invasive lobular carcinoma

LVI	� Lymphovascular invasion
OR	� Odds ratio
OS	� Overall survival
SBR	� Scarff, Bloom, and Richardson

Introduction

Invasive lobular carcinoma (ILC) is, next to invasive duct 
carcinoma of no special type (IDC), the second most 
common histologic breast cancer subtype and represents 
approximately 10% of all breast cancers [1]. ILC has been 
shown to display distinct biological features that are cor-
related with specific clinical and prognostic outcomes 
[1–3]. ILC presents most frequently with low or interme-
diate grade, expresses estrogen and progesterone recep-
tors, rarely expresses human epidermal growth factor 2 
(HER2), and belongs to the luminal molecular subtype of 
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breast cancer [4]. When analyzed by multigene prognostic 
signatures, ILC is only rarely considered as a high-risk 
poor prognosis disease, warranting adjuvant chemother-
apy, CT [5–8]. Accordingly, and even though data are far 
from being homogenous on this point, ILC has often been 
considered a more indolent disease that is more responsive 
to endocrine therapy (ET) and has a better prognosis than 
IDC. In addition, a large number of retrospective studies 
have documented a poor response to cytotoxic agents in 
ILC receiving neoadjuvant CT [9–12]. Altogether, these 
data have made many oncologists relatively reluctant to 
administer CT in early breast cancer of ILC subtype, even 
though no consensus guidelines recommends to integrate 
the ILC subtype as an element of therapeutic decisions in 
the adjuvant setting. Nevertheless, published randomized 
clinical trials evaluating the effectiveness of CT have not 
reported outcomes separately based on histologic subtype 
[13, 14] and the established modest benefit of neoadjuvant 
CT in ILC may not be extrapolated to adjuvant setting 
since pathological complete remission has no prognostic 
value in ILC breast cancer [15]. Thus, benefits of CT in 
ILC are still unclear.

Since a large majority of ILC are hormone receptor-pos-
itive tumors [1, 4, 16] and derive clinical benefit from ET 
[17] to a greater magnitude than IDC [18], we examined 
the impact of CT on disease-free survival (DFS) and over-
all survival (OS) in patients receiving adjuvant ET for pure 

ILC of the breast, extracted from a large, multi-institutional, 
retrospective cohort (Fig. 1).

Patients and methods

Study design and data source

We conducted a retrospective analysis of 23,319 patients 
who underwent breast cancer resection with sentinel lymph 
node biopsy and/or axillary lymph node dissection in 15 
academic French cancer centers between 1990 and 2014. 
Patients were included if they had histologically proven pure 
lobular carcinoma (i.e., excluding ductal, mixed, or non-
lobular histological subtypes), expression of hormone recep-
tors (≥ 10% of cancer cells expressing ER/PR by immuno-
histochemistry (IHC), as defined in the French guidelines), 
and received adjuvant ET. Any patients who received neo-
adjuvant treatment of any type, hormonal or CT, or with 
HER2-positive tumors (identified by IHC +/− fluorescent 
in situ hybridization) [19], were excluded (Fig. 1). We then 
analyzed the following parameters: age at diagnosis, tumor 
size, lymph node involvement, Scarff, Bloom, and Richard-
son (SBR) grade, lymphovascular invasion (LVI; based on 
the examination of hematoxylin–eosin-stained slides), type 
of surgery, adjuvant radiotherapy, period of diagnosis, and 
CT, which was not standardized among sites but in line with 

Fig. 1   Patient flow diagram 
showing selection of patients 
with hormone receptor-positive 
and HER2-negative lobular 
breast cancer. DFS disease-free 
survival, OS overall survival
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European standards and recommendations of the time. This 
study was authorized by the review board of the French 
Society of Surgical Oncology.

Statistical analysis

Categorical variables were described using counts and fre-
quencies, and quantitative variables were described using 
medians and ranges. Patients’ characteristics were compared 
with χ2 test for discrete variables and rank-Wilcoxon’s tests 
for continuous variables. Main characteristics of patients 
and tumors (age 41 to 69 years vs. ≤ 40 years or ≥ 70 years, 
tumor size ≤ 20 mm vs. > 20 mm, nodal status N0, N0(i+), 
and pN1(mi) vs. pN1, SBR grade 1 vs. 2–3, and period of 
diagnosis < 1999 vs. ≥ 1999) were categorized. In order 
to evaluate the effect of CT, patients were divided in two 
groups. The first group received ET alone, while the second 
received a combination of ET and CT. DFS was defined as 
the time from surgery to breast, node, distant relapse, or 
death from any cause. OS was defined as the time from sur-
gery to death from any cause. Survival curves for DFS and 
OS rates were generated using the Kaplan–Meier method 
and compared with log-rank tests. Prognostic impact of the 
different clinico-biological factors was tested by a multivari-
ate Cox regression model including the following covari-
ates categorized as mentioned above: age, tumor size, nodal 
status, LVI, grade, type of surgery, radiotherapy, period, 
and CT. A propensity score for receiving CT was estimated 
including the same covariates categorized as mentioned 
above using a caliper of 0.2 [20]. Patients with CT were 
then matched on this score to patients without CT using 
nearest-neighbor matching without replacement. The impact 
of CT on DFS and OS was assessed on this matched popula-
tion by log-rank tests stratified on the pairs [21], and also 
on the original sample by Cox regression analysis including 
as covariates the propensity score as a continuous variable 
and the indicator of CT administration [22, 23]. A detailed 
description of the propensity score matching is provided in 
Supplementary Fig. 1.

In order to assess if different subgroups of patients would 
potentially derive more and less benefit from CT, a points-
based risk score was established using a logistic regression 
to determine factors associated with DFS and OS events 
in untreated patients. According to the hazard ratio (HR), 
patients were classified as low or high risk of event. DFS 
and OS were examined in the low- or high-risk groups with 
or without CT in a Cox regression.

The level of statistical significance was set at α = 0.05. 
Statistical analyses were carried out with SPSS® software 
version 24 and R software version 3.2.4. We followed the 
reporting recommendations specified in the STROBE 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) Statement [24].

Results

Characteristics of the study population

A total of 2318 patients with pure lobular, hormone recep-
tor-positive, HER2-negative tumors, treated with adjuvant 
ET were identified. In this population, 1485 patients (64%) 
received adjuvant ET alone and 823 (36%) received adjuvant 
ET and CT. Baseline characteristics differed by subgroups 
(Table 1). Compared with patients who received ET alone, 
patients who received ET + CT presented significantly more 
adverse prognostic features, such as young age (median 
55 vs. 62 years, p < 0.001), larger tumor size (64 vs. 22% 
> 20 mm, p < 0.001), high grade (79 vs. 71% SBR grades 
2–3, p < 0.001), macroscopic lymph node involvement (60 
vs. 8% pN1, p < 0.001), and LVI (19 vs. 6%, p < 0.001). 
Patient with CT received more adjuvant radiotherapy (94 vs. 
89%, p < 0.001) and underwent more frequently mastectomy 
(48 vs. 18%, p < 0.001).

Disease‑free survival (DFS)

As of October 2017, the median follow-up of patients with 
ET + CT and ET alone were 65.38 months (95% confi-
dence interval CI [62.18–68.57]) and 54.29 months (95% 
CI [51.88–56.71]), respectively. A total of 260 DFS events 
(11%, 127 in ET + CT group and 133 in ET alone group) 
were observed and the 10-year estimates DFS was 76% 
(95% CI [74.4–77.8%]) in the overall population. In uni-
variate analysis, CT was not associated with a DFS benefit 
(HR = 1.34 [1.02–1.71]), with 10-year estimates DFS of 75% 
(95% CI [71.7–77.7%]) versus 76% (95% CI [73.9–78.3%]) 
in ET + CT and ET groups, respectively. In multivariate 
analysis (Table 2) including the criteria significantly asso-
ciated with CT prescription (Supplementary Table 1), DFS 
was significantly improved by the adjunction of CT to ET 
(HR = 0.61, 95% CI [0.41–0.90]; p = 0.01) (Fig. 2). Results 
were consistent when the propensity score was considered 
in the adjusted analyses (HR = 0.36, 95% CI [0.21–0.60]; 
p < 0.001) (Fig. 3) and 10-year estimates DFS in patient 
case-matched for propensity score analysis were 90% (95% 
CI [87–93.4%]) in the ET + CT group versus 66% (95% CI 
[61.4–71.4%]) with ET alone (Fig. 2).

Overall survival (OS)

Death occurred in 153 patients (7%, 75 in ET + CT group 
and 78 in ET alone group). Ten-year OS was 84% (95% CI 
[82.9–85.9%]) in the overall population. There was no sig-
nificant OS benefit of CT in univariate analysis (HR = 1.29 
[0.93–1.77], p = 0.125, log-rank test) with 10-year estimates 
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Table 1   Patients and tumor 
characteristics at baseline

Percentages are calculated in relation to the number of available data
LVI lymphovascular invasion

Total Endocrine therapy 
only (n = 1485)

Endocrine therapy 
with chemotherapy 
(n = 823)

p values (χ2 
or Wil-
coxon)

N % N % N %

Age (years)
 Median [min–max] 60 [29–90] 61, 85 [34–90] 55 [29–88] < 0.001
 41–69 1824 79 1110 74 714 87 < 0.001
 ≤ 40 48 2 14 1 34 4
 ≥ 70 446 19 371 25 75 9

Tumor size < 0.001
 ≤ 20 mm 1455 63 1161 78 294 36
 > 20 mm 839 37 318 22 521 64

Nodal status < 0.001
 pN0 1505 65 1259 84 246 30
 pN0 (i+) 94 4 65 4 29 4
 pN1 (mi) 103 4 52 3 51 6
 pN1 616 27 119 8 497 60

Grades < 0.001
 1 588 26 416 29 172 21
 2 1534 68 979 68 555 69
 3 119 5 41 3% 78 10

LVI < 0.001
 Absent 1774 89 1183 94 591 81
 Present 225 11 82 6 143 19

Surgery < 0.001
 Breast conserving 1652 71 1220 82 432 52
 Mastectomy 666 29 275 18 391 48

Radiotherapy < 0.001
 No 202 9 156 11 46 6
 Yes 2014 91 1240 89 774 94

Period 0.301
 < 1999 190 8 116 8 74 9
 ≥ 1999 2128 92 1379 92 749 91

Table 2   Multivariate analysis 
including age, tumor size, nodal 
status, lymphovascular invasion, 
Scarff, Bloom and Richardson 
grade, type of surgery, use 
of radiotherapy, period of 
diagnosis, and chemotherapy

DFS disease-free survival, OS overall survival, OR odds ratio, CI confidence interval, LVI lymphovascular 
invasion

DFS OS

OR [95% CI] p values OR [95% CI] p values

Min Max Min Max

Age 1.46 1.21 1.76 < 0.001 1.63 1.27 2.09 < 0.001
Tumor size 1.88 1.36 2.59 < 0.001 2.24 1.44 3.49 < 0.001
Nodal status 1.40 1.22 1.59 < 0.001 1.66 1.38 2.00 < 0.001
LVI 1.69 1.21 2.35 < 0.001 1.51 0.98 2.31 0.06
Grade 1.21 0.92 1.58 0.18 1.24 0.86 1.79 0.26
Surgery 1.29 0.93 1.79 0.13 1.25 0.82 1.90 0.29
Radiotherapy 1.06 0.57 1.98 0.85 0.97 0.43 2.19 0.95
Period 0.85 0.72 1.00 0.05 0.80 0.65 0.97 0.03
Chemotherapy 0.61 0.41 0.90 0.01 0.52 0.31 0.87 0.01
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OS of 84% [81.2–86.2%] in ET + CT group versus 83% 
[81.3–85.1%] in ET alone group. In multivariate analysis 
(Table 2), OS was significantly impacted by the adjunc-
tion of CT to ET (HR = 0.52, 95% CI [0.31–0.87]; p = 0.01) 
(Fig. 2). As DFS, results of OS between the two groups 
were consistent when the propensity score was considered 
in the adjusted analyses (HR = 0.20, 95% CI [0.09–0.43]; 
p < 0.001) (Fig. 3) and 10-year estimates OS in patient case-
matched for propensity score analysis were 96% (95% CI 

[93.8–98%]) in the ET + CT group versus 71% (95% CI 
[66.6–76.2%]) with ET alone (Fig. 2).

Subgroup analysis

Tumor size, macroscopic lymph node involvement, and LVI 
were independently associated with DFS and OS events 
in a logistic regression including untreated patients (Sup-
plementary Table 2). According to the HRs magnitude, 

Fig. 2   Cox-adjusted curves of disease-free and overall survival 
among patients treated and untreated by chemotherapy (a, b) and 
Kaplan–Meier estimates among patients’ case-matched for propen-

sity score treated and untreated by chemotherapy (c, d). ET endocrine 
therapy, CT adjuvant chemotherapy
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a points-based risk score was built (pN1 = 6 pts, tumor 
size > 2 cm = 3 pts, and LVI = 2 pts). Patients with a score 
under five were assigned to the low-risk group (n = 1398, 
70%) and patients with a score ranging from 5 to 11 were 
assigned to the high-risk group (n = 588, 30%). Thus, 
patients in the high-risk group had either macroscopic lymph 
node involvement, or a tumor size over 20 mm and LVI, or 
macroscopic lymph node involvement, going either with one 
or both risk factors.

Comparing to low-risk patients with CT, low-risk patients 
without CT did not have significant differences in DFS 
or OS (Table 3; Supplementary Fig. 2). In the high-risk 

group, patients with CT had DFS (HR = 0.52 [0.36–0.75]; 
p < 0.001) and OS benefit (HR = 0.37 [0.24–0.57]; p < 0.001) 
comparing to high-risk patients without CT.

Discussion

We examined the survival of patients receiving adjuvant 
ET for pure invasive lobular breast carcinoma in a large, 
national, multi-institutional, retrospective cohort and found 
that patients receiving additional CT derived significant 
DFS as well as OS benefits. Since treated patients had more 
unfavorable baseline characteristics, the effect of CT was 
not apparent in univariate analysis. We therefore conducted 
multivariate analyses, including a propensity score.

Two main studies have attempted to evaluate the impact 
of CT in hormone receptor-positive lobular early breast 
cancer and did not report benefits of CT [25, 26]. Authors 
hypothesized that CT is associated with minimal-added 
benefit for patients with ILC breast cancer who receive ET 
based on the low response of ILC observed in the neoad-
juvant setting [9–12]. This argument could be criticized 
since pathological complete remission has no prognostic 
value in ILC breast cancer [15]. Thus, Truin et al. [25] have 
retrospectively examined the effect of CT in a multicenter 
cohort of postmenopausal women (aged 50–75 years) with 
ILC breast cancer and found no additional beneficial effects 
of CT addition to ET with 10-year OS rate at 68% in ET 
group and 66% in ET + CT group (HR = 1.00 [0.82–1.21], 
p = 0.97). More recently, Marmor et al. [26] analyzed a large 
cohort of patients extracted from the California Cancer Reg-
istry and reported a 10-year OS rate of 84% for the ET alone 
group and 83% for the ET + CT group. While our results in 
univariate analysis are very close to those of Marmor et al., 
the reasons for such important discordance with Truin et al. 
could be explained by the very large proportion of patients 
treated before year 2000 in their cohort. Indeed, global man-
agement of malignancies improved due to the incorporation 
of taxanes and earlier diagnosis [27]. In the present study, 
we observed a beneficial effect of addition of CT to ET on 
DFS and OS in multivariate Cox model (HR = 0.61, 95% CI 

Fig. 3   Analysis of disease-free survival and overall survival: sum-
mary of hazard ratios. CT adjuvant chemotherapy, DFS disease-free 
survival, OS overall survival

Table 3   Multivariate analysis 
including low- or high-
risk group with or without 
chemotherapy

DFS disease-free survival, OS overall survival, HR hazard ratio, CI confidence interval, CT chemotherapy

DFS OS

HR [95% CI] p values HR [95% CI] p values

Min Max Min Max

Low-risk group with CT n = 273 (14%) Reference category Reference category
Low-risk group without CT n = 1125 (57%) 1.50 0.84 2.67 0.167 2.26 0.79 6.43 0.126
High-risk group with CT n = 457 (23%) 3.77 2.15 6.63 < 0.001 7.47 2.71 20.60 < 0.001
High-risk group without CT n = 131 (7%) 7.57 4.13 13.87 < 0.001 20.04 7.12 56.41 < 0.001
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[0.41–0.90], p = 0.01 and 0.52, 95% CI [0.31–0.87], p = 0.01, 
respectively). This effect was even more pronounced when 
propensity score matching, aiming to compensate for base-
line characteristics, was used. Although multivariate analy-
sis was carried out in Truin and Marmor studies, several 
potentially important variables such as period of diagnosis, 
LVI, precise nodal status (Marmor et al.), HER2 status, adju-
vant radiotherapy, or type of surgery (Truin et al.) were not 
studied. Thereby, Truin et al. and Marmor et al. reported 
HR were 1.00 [0.82–1.21], p = 0.965 and 1.18 [0.90–1.54], 
p = 0.21, respectively. Another reason for the observed dis-
cordance between the results of these studies and our own 
data may include the important molecular heterogeneity of 
ILC, as described in a recent genomic study [28]. Indeed, 
the large number of molecular alterations observed in this 
subtype may be associated with distinct patterns of sensi-
tivity to CT, thereby contributing to a variable prognostic 
impact of CT. We describe here a significantly larger number 
of patients categorized in the high-risk group according to 
clinical characteristics than reported in the literature with the 
use of genomic tests. Nevertheless, the role of these tests has 
not been clearly defined for ILC and could underestimate the 
risk by ignoring LVI or, for some of them, pN status [6–8].

One intriguing question raised by our results is how such 
a poorly responding disease when treated in the neoadjuvant 
setting may derive a significant benefit to CT? A similar 
uncoupling between efficacy in terms of pCR and outcome 
was also observed in the response-guided neoadjuvant CT 
GeparTrio study [29]. In this trial, intensifying CT in early 
responders or switching it to an alternative regimen in non-
responders failed to improve pCR, whereas this intervention 
was unexpectedly associated with an improved survival out-
come. Notably, the survival benefit was restricted to luminal 
disease, including luminal A subtypes in which pCR had no 
prognostic impact on survival. Similar to our data in ILC, 
a highly luminal disease, these results suggest that CT may 
have antitumor effect on micrometastatic disease, irrespec-
tive of the observed effects on primary tumors. In a current 
environment where more and more patients with luminal A 
breast cancer are identified as not likely to benefit from CT, 
identifying high-risk subtypes of ILC that do still benefit 
from CT would be worth. The vast majority of ILC tested 
via Oncotype DX are at low or intermediate risk. Only 1.5 
to 2.8% (up to 8% as per the TAILORx RS cutoffs) of ILC 
are classified as high risk, versus 16.9–32.2% for IDC [6, 7, 
30–33]. According to a clinicopathological score proposed 
in our study, we categorized up to 30% of ILC patient as 
high risk with a large HR benefit for CT. These results sug-
gest that Oncotype DX may not be sufficient to determine 
which subset of ILC would benefit from CT.

Despite careful methodology aimed at minimizing treat-
ment selection bias, some limitations of our study have 
to be considered. These limitations are inherent in the 

retrospective design of the study with potential selection 
bias and lack of standardization in treatment strategies. 
Our inclusion period covering a period of 24 years, patients 
have probably been receiving different types and durations 
of adjuvant endocrine treatment and different CT regimens. 
Since the relative effectiveness of aromatase inhibitors 
compared with tamoxifen is higher for ILC [18], type of 
ET could be a confounding factor why CT was particularly 
beneficial for young or high-risk women. In addition, it is 
a non-randomized study with possible indication bias, in 
which treated and untreated patients have different prog-
nostic features. However, we performed several approaches 
to adjust baseline differences and to reduce the impact of 
treatment selection bias, including multivariate Cox model 
and propensity score matching. Finally, no central pathology 
review was undertaken and specific subtypes of ILC, which 
may have improved outcomes with CT, such as pleomorphic 
lobular carcinoma, could not have been excluded. Neverthe-
less, data were collected from reference centers and tumor 
features were analyzed by highly trained and national expert 
pathologists.

In conclusion, we found that patients receiving adjuvant 
ET for pure invasive lobular breast carcinoma may derive 
significant DFS as well as OS benefits from CT. At least, 
within the limits of a retrospective study, our results high-
light that patients with high-risk ILC should not be denied 
CT because of such histologic subtype and lead to the open-
ended question about clinical score versus gene expression 
signature for ILC CT triage.
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