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Translational relevance
Risk of recurrence has been traditionally evaluated using standard clinic-pathological factors, such as
nodal status, tumour size, tumour grade, age, and immune-histochemical markers. Multigene assays
are more frequently used to better determine prognosis and treatment options in women with
hormone receptor positive, HER2-negative breast cancer. Most of these multigene assays have been
developed in women with invasive ductal carcinoma or of unknown histological subtypes. Women
with invasive lobular carcinoma have specific disease characteristics and outcomes vary by
histological subtypes. It is important to understand whether these multigene assays perform equally
well in both subtypes and it is therefore necessary to evaluate the prognostic performance in this
specific subtype.
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Abstract

Purpose: Invasive lobular carcinoma (ILC) accounts for approximately 5-15% of all invasive breast
cancer cases. Most of the correlations between multigene assays and patient outcome were derived
from studies based on patients with invasive ductal carcinoma (IDC) or without distinction between
the subtypes. Here, we investigate the prognostic value of EndoPredict in a large cohort of ILCs
pooled from three phase III randomized trials (ABCSG-6, ABCSG-8, TransATAC).
Experimental design: The primary objective of this analysis was to determine the prognostic value of
EndoPredict (EPclin) for distant recurrence in years 0-10 in postmenopausal women with ILC. The
primary outcome was distant recurrence (DR).
Results: 470 women (17.9%) presented with ILC, 1944 (73.9%) with IDC, and 216 (8.2%) had other
histological types. EPclin was highly prognostic in women with ILC (HR=3.32 (2.54-4.34)) and
provided more prognostic value than the Clinical Treatment Score (CTS) (HR=2.17 (1.73-2.72)). 63.4%
women were categorised into the low EPclin risk group and they had a 10-year DR of 4.8% (2.7-8.4)
compared to 36.6% of women in the high risk group with a 10-year DR risk of 26.6% (20.0-35.0).
EPclin also provided highly prognostic information in women with node-negative disease (HR=2.56
(1.63-4.02)) and node-positive disease (HR=3.70 (2.49-5.50)).
Conclusions: EPclin provided highly significant prognostic value and significant risk stratification for
women with ILC. 10-year DR risk in the EPclin low risk groups were similar between ILC and IDC. Our
results show that EPclin is informative in women with ILC and suggest that it is equally valid in both
histological subtypes.
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Introduction
Invasive breast cancer is a heterogeneous disease with specific morphologies and phenotypic
features [1]. The majority of breast cancers are invasive ductal carcinoma (around 80%) (IDC),
followed by invasive lobular carcinoma (5-15%) (ILC) and less than around 8% are tumours with
other specific or special histological features (apocrine, medullary, mucinous, papillary). ILC tumour
cells are typically round, small, relatively uniform, non-cohesive and have a characteristic growth
pattern characterised histologically as single-file infiltration of the stroma. Inactivation of E-cadherin
(CDH1) by mutation, loss of heterozygosity, or methylation are characteristic molecular changes in
ILC, particularly the pleomorphic subtype [2]. Outcome varies by histological subtypes, with ILC
typically presenting with favourable features such as associated with good prognosis, such as
oestrogen receptor (ER) positivity, low to intermediate grade, low Ki67 expression, and absence of
HER2 amplification [3].

Around 85% of women with ER-positive invasive disease remain recurrence free after 10-years,
suggesting that the majority of patients are over-treated. Several multigene assays have been
evaluated for the prognostication of early stage invasive ER-positive breast cancer and have shown
clinical utility for the likelihood of risk of recurrence [4-8]. However, the development and validation
of these assays have been mostly performed in women without considering histological subtype and
little is known about the performance of these assays specifically in ILCs. EndoPredict (EPclin) covers
several cellular processes, such as proliferation, apoptosis, DNA repair, cell adhesion and cell
signaling and combines the expression of proliferative and ER-signalling associated genes with
information on nodal status and tumour size [9-11]. This combined algorithm is used as the
diagnostic test in the clinical setting. EPclin has been validated as a prognostic test in pre- and
postmenopausal women with ER-positive, HER2-negative breast cancer [6, 10, 12, 13]. More
recently, EPclin has been evaluated for the prediction of chemotherapy benefit in a combined
analysis of 5 large clinical trials [14].

Here, we evaluate the ability of EPclin to predict distant recurrence at 10 years specifically in women
with ILC and compare the prognostic performance to women with IDC.
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Methods
2630 postmenopausal women with oestrogen receptor (ER) positive, HER2-negative breast cancer
from three large clinical trials (ABCSG-6, ABCSG-8, TransATAC) were included in this analysis. All
received 5 years of endocrine treatment as the only adjuvant therapy. The ABCSG-6 trial
(ClinicalTrials.gov Identifier: NCT00309491) and ABCSG-8 trial (ClinicalTrials.gov Identifier:
NCT0029175) included postmenopausal women with hormone receptor positive breast cancer who
received five years of tamoxifen alone or five years of tamoxifen plus aminoglutethimide for the first
2 years [15] or five years of tamoxifen or two years of anastrozole followed by three years of
tamoxifen [16], respectively. Women in the TransATAC trial (ClinicalTrials.gov Identifier:
NCT00849030) were postmenopausal and received five years of tamoxifen or anastrozole alone [17].
Institutional review boards approved the individual studies, which were done in accordance with the
Declaration of Helsinki (1996 revision). All women included in this analysis gave written informed
consent.
The EndoPredict (EPclin) was developed in pre- and postmenopausal women with ER-positive, HER2negative breast cancer [10]. For the TransATAC cohort, EP molecular scores were generated by qRTPCR gene analysis by Myriad Genetics, Inc. For ABCSG-6 and 8 cohorts, EP molecular analysis was
carried out by the ABCSG research group. All parties were blinded to clinical outcome data. As
previously described [14], the EP molecular score incorporates the expression of eight cancer related
genes (BIRC5, UBE2C, DHCR7, RBBP8, IL6ST, AZGP1, MGP, and STC2), three housekeeping genes
(CALM2, OAZ1, and RPL37A), and one control gene (HBB). The EPclin incorporates information on
nodal status and tumour size and higher EPclin scores indicate a higher risk of distant recurrence.
Patients with an EPclin score of less than 3.3 are considered low risk whereas those with an EPclin of
higher or equal to 3.3 are high risk [10]. We used the Clinical Treatment Score (CTS [18]) to assess
the additional prognostic value of EPclin to clinical parameters. In brief, the CTS contains information
on nodal status, tumour size, grade, age and treatment (tamoxifen vs. anastrozole).

Central review of lobular morphology was done in TransATAC (including sub-specification of lobular
subtypes) and ABCSG-6 (morphology and E-Cadherin testing). In ABCSG-8, no central review was
performed. However, lobular breast cancers were defined either by morphology alone or in most
cases in combination with E-cadherin testing by a pathologist. For the present analysis, women with
ILC or IDC histological subtypes were included (N=2414). Rare subtypes, such as tubule-lobular,
pleomorphic, and solid, were not the focus of this analysis (N=216).
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Statistical Analysis
The primary endpoint was DR, defined as the time from randomisation in the primary study to DR of
breast cancer. Local recurrence, regional recurrence, contralateral second primary or secondary
breast cancer in the ipsilateral breast were not considered as DR. Deaths due to breast cancer
without DR occurring prior to death were also considered as a DR at the time of death. Other causes
of deaths were not considered as an event. All analyses were censored at 10 years of follow-up.
The primary objective of this analysis was to determine the prognostic value of EPclin, alone or in
combination with clinical parameters, for DR in women with ILC in the combined dataset. Secondary
objectives included differential risk stratification by EPclin in women with ILC, subgroup analyses in
node-negative and node-positive ILC patients separately, prognostic value of EPclin for the risk of
late DR in women with ILC, and comparison of prognostic value of EPclin between women with ILC
versus IDC.
A predefined statistical analysis plan was approved by all research groups prior to data merge and
data analyses. 10-year distant recurrence risks were assessed using Cox proportional hazard models.
To assess prognostic performance of EPclin and clinical parameters, partial likelihood ratio (LR χ 2)
tests and hazard ratios (HR) with associated 95% confidence intervals (CI) based on Cox proportional
models were used. To compare the prognostic performance of EPclin and CTS, scores were
normalised to have unit variance. The assumption of proportional hazards was assessed by
Schoenfeld residuals. The improvement of DR in prognostication by EPclin compared with clinical
and pathologic variables (CTS [18]) was quantified by the increase in the LR χ2 value (ΔLR χ2; 2-sided
5% significance level). Kaplan-Meier estimates were used to estimate mean 10-year DR risks in predefined risk groups. All statistical analyses were two-sided, and a P value of less than .05 was
regarded as significant. All analyses were performed with Stata software (version 15.1; StataCorp).
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Results
We had data for 2630 postmenopausal women with ER-positive, HER2-negative breast cancer. Of
these 470 (19.5%) had ILC, 1944 (80.5%) had IDC, and the remaining 216 (8.2%) had other
histological subtypes. Looking at the distribution of ILC by trial, 17.5% of women in ABCSG-6 had ILC,
20.7% in ABCSG-8, and 14% in TransATAC. Significantly more women in the ABCSG-8 trial had ILC
compared to women in the TransATAC study (P<0.001). Table 1 shows baseline characteristics by
histological subtypes for the analysis cohort. In brief, women with ILC had significantly larger tumour
size (P<0.001), less differentiated tumours (P<0.001), and higher CTS scores (P<0.001) than women
with IDC. Age, number of nodes involved, and EPclin scores were similar between the two subgroups (Table 1). For 22% of women with ILC, grade was not determined and therefore the CTS could
not have been calculated. The median follow-up between the three trials was very similar and not
significantly different: ABCSG-6: 9.02 years (IQR 5.0-11.5); ABCSG-8: 9.10 years (IQR 5.8-11.5);
TransATAC: 9.9 years (IQR 7.7-10.1).

Invasive lobular carcinoma (ILC)
EPclin was highly prognostic in women with ILC (HR=3.32 (2.54-4.34), P<0.0001) (Table 2). EPclin
provided significantly more prognostic value for DR in women with ILC than the CTS (ΔLR-χ2=17.60
(P<0.0001)) (Table 2). 298 women (63.4%) were categorised as low risk by EPclin compared to 172
(36.6%) who were deemed high risk (Figure 1). Women in the low EPclin risk group had a 10-year DR
risk of 4.8% (2.7-8.4) compared to a 10-year DR risk of 26.6% (20.0-35.0) for women categorised into
the high risk group. This translates to an over 6 times higher risk of developing a DR for women in
the high EPclin risk group compared to the low EPclin risk group (HR=6.33 (3.31-12.12), P<0.0001)
(Figure 1A).

In women with node-negative disease, EPclin provided significant prognostic value for DR (HR=2.56
(1.63-4.02), P<0.0001) whereas CTS did not provide any significant prognostic value (Table 2). Almost
80% of women (N=260) were categorised as low risk by EPclin with a 10-year DR risk of 4.6% (2.58.4) (Figure 1B). Those categorised into the high EPclin risk group (N=66 (20.3%)), had a 4.4-fold
increased risk in developing a DR (HR=4.42 (1.84-10.65), P=0.001) and a significantly higher 10-year
DR risk (19.1% (10.6-33.3)) compared to those in the low risk group. In women with node-positive
disease (N=144), 28 women (26.4%) were categorised as low risk by EPclin with the remaining
women as high risk (73.6%). Significantly higher 10-year DR risks were observed for those in the
EPclin high risk group compared to those in the low risk group (31.2% (22.4-42.3) vs. 6.4% (1.6-23.5))
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(Figure 1C). In both nodal subgroups, EPclin provided significantly more prognostic information than
the CTS alone (Table 2).

EPclin was also highly prognostic for late DR in 397 women with ILC who were recurrence-free 5
years after diagnosis (HR=3.83 (2.43-6.04), P<0.0001) (Table 2). Compared to the CTS alone, EPclin
provided significantly more prognostic information for late DR (ΔLR-χ2=21.38 (P<0.0001)), indicating
a better prognostication for these late events. Two thirds of women were categorised to the low risk
group with a 5-10 year DR risk of only 2.4% (1.0-5.8) compared to those 135 (34.0%) of women
categorised into the high EPclin risk group who had a 10-year risk of 16.1% (10.2-24.7).

We also investigated the molecular EP score as a prognostic marker and observed overall similar but
weaker effect sizes than for the EPclin. In all women with ILC, molecular EP was highly prognostic
(HR=2.08 (1.65-2.64), P<0.0001) and provided significant additional prognostic value to the CTS (ΔLRχ2=10.45). For those with node negative disease (N=326), a 2.2-fold increase with every SD increase
in molecular EP was observed (HR=2.19 (1.56-3.08), P<0.0001). Similarly, in those with node-positive
disease (N=144) molecular EP was highly prognostic (HR=2.31 (1.57-3.39), P<0.0001) and provided
additional prognostic value to the CTS (ΔLR-χ2=5.64).

Comparison between ILC and IDC
EPclin was highly prognostic in women with IDC (N=1944) overall (HR=2.36 (2.11-2.65), P<0.0001),
and in all subgroups (Figure 2). Overall, EPclin was more prognostic in ILC than IDC, with significant
heterogeneity between the two subtypes (P=0.045). For sub-groups wider confidence intervals were
observed due to fewer women with ILC and fewer DR events compared to women with IDC, and no
significant heterogeneity was observed. EPclin categorised non-significantly more women with ILC
(63.4%) as low risk compared to those with IDC (59.1%). 10-year DR risks for low and high risk groups
by EPclin were similar for those with ILC versus IDC (low risk: 4.8% vs. 5.4% and high risk: 26.6% vs.
23.5%, respectively).

Although special subtypes were not the focus of this analysis, EPclin was highly prognostic for DR in
this sub-group of patients (N=216) (HR=2.41 (1.74-3.35), P<0.0001). Numbers of DR in nodal subgroups were too small to make a meaningful interpretation (data not shown).
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Discussion
This combined analysis of ABCSG-6, ABCSG-8 and TransATAC comprises the biomarker cohorts from
three similar prospective phase III randomised trials that included postmenopausal patients with ERpositive, HER2-negative early breast cancer. All of these patients were treated with endocrine
therapy (Anastrozole, Tamoxifen alone or sequentially) after completion of local therapy and in the
absence of chemotherapy. This retrospective analysis of prospectively recorded long-term follow-up
data includes a total of 2630 patients, of which 470 women had been diagnosed with a lobular
breast cancer subtype. This cohort provides the opportunity to apply the validated gene expression
signature EPclin to the largest, to our knowledge, lobular breast cancer cohort from phase III
randomized trials.
Our results show that in this cohort of mostly low to intermediate risk patients, EPclin categorised
almost two thirds (63%) of ILC cases into low risk, with 10-year DR risks of 4.8%. These results
suggest a very favourable outcome, especially in comparison to women in the high-risk category,
which had a 10-year DR risk of 26.6%. This subgroup of high risk patients, which compromises 30% of
all women with ILC, creates a strong rational for further studies to evaluate chemopredictive ability
by EndoPredict. The absolute risk difference between low and high risk patients with ILC was 21.8%.
The prognostic value of the test was similar for patients with and without lymph node metastasis
and for late recurrences (late distant metastasis after five years of follow-up). Importantly, our
results showed that in all subgroups and for early and late DR, EPclin provided substantially more
prognostic information for ILCs than clinicopathological parameters as captured by the CTS alone.
In the prognostic comparison of EPclin between lobular and ductal breast cancer no significant
differences were observed, but numerically a higher relative number of lobular breast cancers
seemed to be categorized into the low-risk group and the average 10-year risk of distant recurrence
appeared higher for lobular cancers in the molecular high-risk group. The performance was
surprisingly similar in ILC compared to IDC cancer despite clinical evidence attesting to biologic
differences between the subtypes. Several lines of clinical evidence suggest that the term lobular
breast cancer encompasses a distinct clinical entity. Lobular morphology is associated with distinct
radiological features such as multifocality and extensive intraductal components, distinct
pathological features such as growth in sheets and lack of E-cadherin expression [19]. The propensity
for low-volume lymph node involvement is a particular challenge for clinical decision making [20].
Reports suggest that there is a 24% discordance in cases of low-volume nodal metastasis [21] and
better definitions in guidelines need to be defined. Moreover, response to neoadjuvant
chemotherapy is poor in women with ILC (pCR 4.2% in hormone receptor positive breast cancer)
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[22]. In terms of local therapy, these features and diffuse nature of ILCs lead to higher rates of
second surgeries and higher mastectomy rates [23].
Genomic characterization shows two thirds of cases with lobular morphology harbouring mutations
in CDH1 and half of lobular cases with alterations in PIK3CA, PTEN and AKT1 [24]. Activation of the
the human epidermal growth factor receptor pathway, via HER2 and HER3 mutations, show higher
frequency in lobular as compared to ductal invasive breast cancer. The genomic alterations found in
lobular breast cancer are often quantitatively, but in several instances, qualitatively distinct from
invasive ductal morphologies [25]. Therefore, the successful validation of EPclin in this subtype was
an important but not entirely expected finding. It is tempting to speculate that a gene expression
test that comprises anatomical information, proliferation and ER signalling/differentiation genes
may be sufficient to improve the prognostication of patients with ILC. For truly predictive
information concerning benefit from systemic adjuvant therapies, a detailed and reliable detection
of DNA alterations may be necessary.
Our study has strengths and limitations. Strengths include the inclusion of a large cohort of well
characterised women with histologically confirmed ILC. Furthermore, we have clinical outcome data
for all patients and used well characterised tissue samples. EPclin for all trials was measured in the
same laboratory, with all personnel being blinded to clinical outcome data. Limitations include small
sub-groups of patients with node-positive disease and a proportion of women with ILC for whom
local grading was not determined. In this analysis, we were unable to determine the
chemopredictive value of EPclin in women with ILC. Our results are only applicable for women who
have received endocrine therapy only and cannot be extrapolated to those who have received
chemotherapy.

In summary, EPclin showed excellent prognostic performance in ILC, for both lymph node negative
and lymph node positive disease and for both early and late time points of distant recurrence. For
the clinician, the added information of EPclin in this subset of patients may be of particular value:
lobular breast cancer can often reach large total tumour diameters due to the sheet-like pattern of
growth. Nodal metastasis can be frequent and of low volume, and the typical anatomical
information may therefore appear less reliable. In addition, the described poor tumour shrinkage
from neoadjuvant chemotherapy make clinical decisions concerning adjuvant cytotoxic treatment
daunting at times. In this respect, EPclin is of added prognostic value above and beyond
clinicopathological assessment in both IDC and ILC may help patients to make better informed
decisions

concerning

adjuvant

cytotoxic

and/or

extended

endocrine

treatment.

10

Downloaded from clincancerres.aacrjournals.org on July 3, 2020. © 2020 American Association for Cancer
Research.

Author Manuscript Published OnlineFirst on June 19, 2020; DOI: 10.1158/1078-0432.CCR-20-0260
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

References

1.
2.

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Makki, J., Diversity of Breast Carcinoma: Histological Subtypes and Clinical Relevance. Clin
Med Insights Pathol, 2015. 8: p. 23-31.
Cristofanilli, M., A. Gonzalez-Angulo, N. Sneige, S.W. Kau, K. Broglio, R.L. Theriault, et al.,
Invasive lobular carcinoma classic type: response to primary chemotherapy and survival
outcomes. J Clin Oncol, 2005. 23(1): p. 41-8.
Rakha, E.A. and I.O. Ellis, Lobular breast carcinoma and its variants. Semin Diagn Pathol,
2010. 27(1): p. 49-61.
Dowsett, M., I. Sestak, E. Lopez-Knowles, K. Sidhu, A.K. Dunbier, J.W. Cowens, et al.,
Comparison of PAM50 risk of recurrence score with oncotype DX and IHC4 for predicting risk
of distant recurrence after endocrine therapy. J Clin Oncol, 2013. 31(22): p. 2783-90.
Sgroi, D.C., I. Sestak, J. Cuzick, Y. Zhang, C.A. Schnabel, B. Schroeder, et al., Prediction of late
distant recurrence in patients with oestrogen-receptor-positive breast cancer: a prospective
comparison of the breast-cancer index (BCI) assay, 21-gene recurrence score, and IHC4 in the
TransATAC study population. Lancet Oncol, 2013. 14(11): p. 1067-76.
Buus, R., I. Sestak, R. Kronenwett, C. Denkert, P. Dubsky, K. Krappmann, et al., Comparison of
EndoPredict and EPclin With Oncotype DX Recurrence Score for Prediction of Risk of Distant
Recurrence After Endocrine Therapy. J Natl Cancer Inst, 2016. 108(11).
Paik, S., G. Tang, S. Shak, C. Kim, J. Baker, W. Kim, et al., Gene expression and benefit of
chemotherapy in women with node-negative, estrogen receptor-positive breast cancer. J Clin
Oncol, 2006. 24(23): p. 3726-34.
Sestak, I., R. Buus, J. Cuzick, P. Dubsky, R. Kronenwett, C. Denkert, et al., Comparison of the
Performance of 6 Prognostic Signatures for Estrogen Receptor-Positive Breast Cancer: A
Secondary Analysis of a Randomized Clinical Trial. JAMA Oncol, 2018.
Denkert, C., R. Kronenwett, W. Schlake, K. Bohmann, R. Penzel, K.E. Weber, et al., Decentral
gene expression analysis for ER+/Her2- breast cancer: results of a proficiency testing
program for the EndoPredict assay. Virchows Arch, 2012. 460(3): p. 251-9.
Filipits, M., M. Rudas, R. Jakesz, P. Dubsky, F. Fitzal, C.F. Singer, et al., A new molecular
predictor of distant recurrence in ER-positive, HER2-negative breast cancer adds independent
information to conventional clinical risk factors. Clin Cancer Res, 2011. 17(18): p. 6012-20.
Brase, J.C., R. Kronenwett, C. Petry, C. Denkert and M. Schmidt, From High-Throughput
Microarray-Based Screening to Clinical Application: The Development of a Second Generation
Multigene Test for Breast Cancer Prognosis. Microarrays (Basel), 2013. 2(3): p. 243-64.
Dubsky, P., M. Filipits, R. Jakesz, M. Rudas, C.F. Singer, R. Greil, et al., EndoPredict improves
the prognostic classification derived from common clinical guidelines in ER-positive, HER2negative early breast cancer. Ann Oncol, 2013. 24(3): p. 640-7.
Martin, M., J.C. Brase, L. Calvo, K. Krappmann, M. Ruiz-Borrego, K. Fisch, et al., Clinical
validation of the EndoPredict test in node-positive, chemotherapy-treated ER+/HER2- breast
cancer patients: results from the GEICAM 9906 trial. Breast Cancer Res, 2014. 16(2): p. R38.
Sestak, I., M. Martin, P. Dubsky, R. Kronenwett, F. Rojo, J. Cuzick, et al., Prediction of
chemotherapy benefit by EndoPredict in patients with breast cancer who received adjuvant
endocrine therapy plus chemotherapy or endocrine therapy alone. Breast Cancer Res Treat,
2019. 176(2): p. 377-386.
Schmid, M., R. Jakesz, H. Samonigg, E. Kubista, M. Gnant, C. Menzel, et al., Randomized trial
of tamoxifen versus tamoxifen plus aminoglutethimide as adjuvant treatment in
postmenopausal breast cancer patients with hormone receptor-positive disease: Austrian
breast and colorectal cancer study group trial 6. J Clin Oncol, 2003. 21(6): p. 984-90.
Dubsky, P.C., R. Jakesz, B. Mlineritsch, S. Postlberger, H. Samonigg, W. Kwasny, et al.,
Tamoxifen and anastrozole as a sequencing strategy: a randomized controlled trial in
11

Downloaded from clincancerres.aacrjournals.org on July 3, 2020. © 2020 American Association for Cancer
Research.

Author Manuscript Published OnlineFirst on June 19, 2020; DOI: 10.1158/1078-0432.CCR-20-0260
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

17.

18.

19.
20.
21.

22.

23.

24.

25.

postmenopausal patients with endocrine-responsive early breast cancer from the Austrian
Breast and Colorectal Cancer Study Group. J Clin Oncol, 2012. 30(7): p. 722-8.
Cuzick, J., I. Sestak, M. Baum, A. Buzdar, A. Howell, M. Dowsett, et al., Effect of anastrozole
and tamoxifen as adjuvant treatment for early-stage breast cancer: 10-year analysis of the
ATAC trial. Lancet Oncol, 2010. 11(12): p. 1135-41.
Cuzick, J., M. Dowsett, S. Pineda, C. Wale, J. Salter, E. Quinn, et al., Prognostic value of a
combined estrogen receptor, progesterone receptor, Ki-67, and human epidermal growth
factor receptor 2 immunohistochemical score and comparison with the Genomic Health
recurrence score in early breast cancer. J Clin Oncol, 2011. 29(32): p. 4273-8.
McCart Reed, A.E., J.R. Kutasovic, S.R. Lakhani and P.T. Simpson, Invasive lobular carcinoma
of the breast: morphology, biomarkers and 'omics. Breast Cancer Res, 2015. 17: p. 12.
Apple, S.K., Sentinel Lymph Node in Breast Cancer: Review Article from a Pathologist's Point
of View. J Pathol Transl Med, 2016. 50(2): p. 83-95.
Cserni, G., S. Bianchi, V. Vezzosi, P. van Diest, C. van Deurzen, I. Sejben, et al., Variations in
sentinel node isolated tumour cells/micrometastasis and non-sentinel node involvement
rates according to different interpretations of the TNM definitions. Eur J Cancer, 2008.
44(15): p. 2185-91.
Loibl, S., C. Volz, C. Mau, J.U. Blohmer, S.D. Costa, H. Eidtmann, et al., Response and
prognosis after neoadjuvant chemotherapy in 1,051 patients with infiltrating lobular breast
carcinoma. Breast Cancer Res Treat, 2014. 144(1): p. 153-62.
Piper, M.L., J. Wong, K. Fahrner-Scott, C. Ewing, M. Alvarado, L.J. Esserman, et al., Success
rates of re-excision after positive margins for invasive lobular carcinoma of the breast. NPJ
Breast Cancer, 2019. 5: p. 29.
Desmedt, C., G. Zoppoli, G. Gundem, G. Pruneri, D. Larsimont, M. Fornili, et al., Genomic
Characterization of Primary Invasive Lobular Breast Cancer. J Clin Oncol, 2016. 34(16): p.
1872-81.
Ciriello, G., M.L. Gatza, A.H. Beck, M.D. Wilkerson, S.K. Rhie, A. Pastore, et al.,
Comprehensive Molecular Portraits of Invasive Lobular Breast Cancer. Cell, 2015. 163(2): p.
506-19.

12

Downloaded from clincancerres.aacrjournals.org on July 3, 2020. © 2020 American Association for Cancer
Research.

Author Manuscript Published OnlineFirst on June 19, 2020; DOI: 10.1158/1078-0432.CCR-20-0260
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Figure Legend

Figure 1: Kaplan-Meier graphs and distant recurrence risks (%) according to EPclin risk groups for A)
all women with ILC, B) node-negative ILC, and C) node-positive ILC.
Figure 2: Forest plot showing HRs with associated 95% CIs for ILC and IDC for overall population and
subgroups.
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Table 1: Baseline characteristics according to histological subtypes.
ILC (N=470)
63 (58-70)

IDC (N=1944)
64 (58-71)

T1a/b

49 (10.4%)

346 (17.8%)

T1c

209 (44.5%)

1020 (52.5%)

T2

192 (40.9%)

559 (28.8%)

T3

18 (3.8%)

18 (0.9%)

Unknown

2 (0.4%)

1 (0.05%)

Negative

326 (69.4%)

1360 (70.0%)

1-3 positive

115 (24.5%)

490 (25.2%)

4-10 positive

24 (5.1%)

78 (4.0%)

10+ positive

5 (1.1%)

16 (0.8%)

Well

49 (10.4%)

482 (24.8%)

Intermediate

301 (64.0%)

1278 (65.7%)

16 (3.4%)

180 (9.3%)

104 (22.1%)

4 (0.2%)

<0.001

3.07 (2.51-3.55)

3.08 (2.56-3.73)

0.13

120.2 (89.9-171.4)

102.0 (64.1-143.6)

<0.001

Age (years), median (IQR)

P-VALUE
0.40

Tumour stage

<0.001

Nodal status

0.69

Tumour grade

Poor
Undetermined
EPclin, median (IQR)
CTS, median (IQR)

Legend: For continuous variables the t-test was used and for categorical variables the chi-square test
was used to assess differences in baseline characteristics
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Table 2: Prognostic value of EPclin and CTS for women with ILC.
HR (95% CI)

P-value

LR-χ2

EPclin (N=470)

3.32 (2.54-4.34)

<0.0001

70.42

CTS (N=364)

2.17 (1.73-2.72)

<0.0001

36.37

EPclin (N=326)

2.56 (1.63-4.02)

<0.0001

13.65

CTS (N=258)

1.28 (0.62-2.64)

0.5

0.44

EPclin (N=144)

3.70 (2.49-5.50)

<0.0001

35.71

CTS (N=106)

2.12 (1.53-2.93)

<0.0001

18.96

EPclin (N=397)

3.83 (2.43-6.04)

<0.0001

32.43

CTS (N=313)

1.66 (1.12-2.47)

0.012

5.33

ΔLR-χ2
(CTS+EPclin vs.
CTS)

All
17.60
(P<0.0001)

Node-negative
8.52
(P=0.035)

Node-positive
9.07
(P=0.0026)

Years 5-10
21.38
(P<0.0001)

Legend: Table shows prognostic value of EPclin according to patient population and time period. The
LR test shows how strong a model is, the greater the value the more prognostic value is provided.
HR=Hazard Ratio, CI=Confidence Interval, LR=Likelihood Ratio
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Figure 1: Kaplan-Meier graphs and distant recurrence risks (%) according to EPclin risk groups for A) all women with ILC, B) node-negative ILC, and C) node-positive ILC.
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Figure 2: Forest plot showing HRs with associated 95% CIs for ILC and IDC for overall population and subgroups.
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