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Abstract  

Background: One of the current challenges in breast cancer is the appropriate treatment of invasive 

lobular breast cancer (ILC) and defining the high-risk group within ILC. The biological character of 

ILC typically translates to a good prognosis, however several studies have indicated that the long-term 

prognosis is worse than for patients diagnosed with the more commonly invasive ductal carcinoma 

(IDC). Many genomic tests are now available to determine whether those patients are at high-risk 

(HR) and enable tailored treatment. Unfortunately, most of the studies in which these genomic tests 

have been evaluated entail retrospective analysis of a prospective trial.  

Aim: This review focuses on the validation of the available genomic assays based on trials performed 

in ILC patients, where in some instances the various subtypes of ILC (classical, pleomorphic, non-

classic type) were taken into account.  

Results: Using Oncotype DX in retrospective studies, only 1.3% to 8% of ILC tumors were 

categorized as HR tumors. For MammaPrint, 24% of patients were classified as HR, which was 

associated with poor outcome. In a recent sub-analysis of the Mindact study comprising 487 ILC 

patients, 16.2% were high genomic risk. Endopredict, Prosigna Breast Cancer Prognostic Gene 

Signature Assay, and the Breast Cancer Index have been validated in patients receiving only endocrine 

treatment.  

Conclusion: Although ILC accounts for the second most common breast cancer subtype in women, 

none of these tests encompass tumor morphology in their algorithms. Prospective studies on ILC with 

genomic assays are warranted given the various subtypes of and treatment options for this 

underestimated, but frequently occurring cancer. 

Relevance for patients: Genomic assays can be employed in ILC patients to predict the risk of 

recurrence and identify those patients who might benefit from chemotherapy in addition to their 

standard treatment regimen.  
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List of abbreviations: BC, breast cancer; BCI, Breast Cancer Index; BCSS, breast cancer-specific 

survival; cILC, classic invasive lobular breast cancer; CT, chemotherapy; DFS, disease-free survival; 

DMFS, distant metastasis-free survival; DR, distant recurrence; ER, estrogen receptor; ET, endocrine 

therapy; FU, follow-up; GG, genomic grade; HG, histological grading; H:I, HOXB13/IL17BR ratio, 

HR, high-risk; IDC, invasive ductal carcinoma; ILC, invasive lobular breast cancer; IR, intermediate-

risk; LR, low-risk; MGI, Molecular Grade Index; NPI, Nottingham Prognostic Index; OS, overall 

survival; pCR, pathological response rate; pILC, pleomorphic invasive lobular breast cancer; ROR, risk 

of recurrence; RS, recurrence score; SEER, Surveillance, Epidemiology and End Results (database); 

TAILORx, Trial Assigning Individualized Options for Treatment 
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1. Introduction 

 

Breast cancer (BC) is the most prevalent cancer in women. Every year over 2 million new cases are 

diagnosed and this cancer type is responsible for the highest number of cancer-related deaths among 

women [2]. Treatment of BC has evolved, resulting in better survival rates. However, BC is 

heterogeneous and each subtype has its own particularities that require a specific therapeutic approach. 

Most clinical data have been gathered for invasive ductal carcinoma (IDC), commonly referred to as ‘no 

special’ type, which comprises 75% of the invasive BCs. Invasive lobular carcinoma (ILC) is the second 

most common histological subtype, representing about 10% of invasive BCs and ranks as the 6th most 

common cancer in women [1]. 

Most ILCs are estrogen receptor (ER)-positive, HER2-negative, and tend to have a lower grading (84% 

grade 2) with the absence of vascular invasion [3,4]. In contrast to IDC, the absolute benefit of adding 

chemotherapy (CT) to endocrine treatment (ET) of early stage ILC is controversial because of the 

minimal added value [5]. Furthermore, the percentage of complete pathological response rate (pCR) in 

the neoadjuvant setting is substantially lower in ILC than in IDC (6.2% vs. 17.4%, P < 0.001) [6]. ILC 

can be highly metastatic, and the overall long-term outcome of ILC patients in a large study was worse 

than those diagnosed with IDC. This paper in part aims to underscore that ILC is a separate entity in the 

spectrum of BCs, which exacts a more personalized approach to identify patients at high risk of 

recurrence [7].  Also, different ILC subtypes have been described on the basis of their morphology and 

cytology [8]. The classical type of ILC is associated with a good overall prognosis, whereas the 

pleomorphic subtype, characterized by lower expression of hormone receptors and a higher rate of 

HER2 expression, is associated with worse prognosis [4,9-10].  

Several risk calculators and scoring systems have been developed, such as PREDICT and the 

Nottingham Prognostic Index (NPI) [11-12]. Clinicopathological features are incorporated in these 

scoring systems, but they do not accurately reflect the histological subtype and cannot be used as the 

only tool for clinical decision making in a particular case. Nowadays, genomic testing has increased 

diagnostic resolution and made personalized medicine possible. Several assays are commercially 

available, such as Oncotype DX [13], MammaPrint [14], genomic grade analysis [15], Prosigna Breast 

Cancer Prognostic Gene Signature Assay (PAM50) [16], EndoPredict (EPclin) [17], and the Breast 

Cancer Index (BCI) [18]. 

Most prospective trials using genomic assays validated recurrence scores without distinguishing 

between the different histological profiles of BC. Consequently, ILC is underrepresented and leaves 

clinicians with no clear understanding about the optimal management. In this review we will evaluate 

the role of  genomic assays in patients diagnosed with ILC. 
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2. Oncotype DX 

 

Currently, the Oncotype DX breast recurrence score (RS) uses 21 specific genes and is the most widely 

used prognostic assay in the United States. This assay is recommended for hormone receptor-positive, 

HER2-negative, and node-negative early stage BC [19]. Recently, its utility in node-positive early BC 

(1-3 lymph nodes) was investigated [20-22].   

The Oncotype DX test calculates a RS from 0 to 100 and categorizes patients as low-risk (LR, 

score of < 18), intermediate risk (IR, score of 18-30), or high-risk (HR, score of > 30). To further validate 

the RS, prospective trials (TAILORx and RxPONDER) are now being completed using less restrictive 

cutoffs to minimize undertreatment, as was the case with the traditional RS cutoffs (LR, RS of 1-10; IR, 

RS of 11-25; HR, RS of > 26). 

Several randomized trials demonstrated that BC patients, not specifically ILC, with high RS 

benefitted from adjuvant CT, whereas those with low RS did not [21,23]. The effect of adjuvant CT in 

patients with IR remained uncertain. TAILORx (Trial Assigning Individualized Options for Treatment) 

was set up as a prospective randomized trial with 6,711 node-negative patients with an RS ranging from 

11 to 25. Invasive disease-free survival (DFS) rates following CT + ET or ET alone were compared [13]. 

Similar outcomes for both therapeutic regimens were observed in postmenopausal BC patients with IR, 

although some benefit from CT + ET was seen in women aged 50 or less and an IR in the upper range 

(Table 1).  

 

Table 1. Chemotherapy benefits according to age and RS. 

Age  RS 0-15  RS 16-20  RS 21-25  RS 26-100 

> 50 years no CT benefit no CT benefit no CT benefit substantial CT benefit 

≤ 50 years no CT benefit 1.6% CT benefit 6.5% CT benefit substantial CT benefit 

Abbreviations: CT, chemotherapy; RS, recurrence score  

Data obtained from [24] 

 

The results of the RxPONDER (Treatment for Positive Node, Endocrine Responsive Breast 

Cancer) trial have been published recently [25]. This phase 3 study randomized hormone receptor-

positive, HER2-negative patients with an RS of 25 of lower to ET only or to CT + ET with a follow-up 

of 5.1 years. No benefit was seen in postmenopausal women (P = 0.82) with an RS of ≤ 25, but 

premenopausal women exhibited a 46% reduction in the risk of invasive disease with the addition of CT 

(94.2% vs. 89.0%, hazard ratio = 0.54, P = 0.004). However, in premenopausal women, ovarian 
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suppression was performed in 15.9% of patients in the CT arm, which could indirectly improve the 

outcome in those patients, and led to a 5-year overall survival (OS) absolute improvement of 1.3%. 

Some retrospective studies have examined the role of Oncotype DX testing in the management of 

patients with ILC as presented in Table 2. In general, the RS of most ILC cases tended to be in the low-

to-intermediate range and only 1-2% of the included patients had a high RS. 

 

Table 2. Overview of Oncotype DX scores in ILC.  

   ILC  LR IR HR  cILC-pILC FU BCSS/OS 

   (N) (%) (%) (%)  (%)  (m) (%) 

Conlon et al. [26]*  135 63 35.5 1.5  80 - 10  47 98.5 / - 

Felts et al. [27]*  102 42 56 2  80 - 13  55 89 / 92*** 

Tsai et al. [28]*  158 57 42 1.3  79 - 9  - - 

Kizy et al. [29]**  7,321 21 71 8  -  74 > 95 / -  

Weiser et al. [30]** 15,763 20.5 72.9 6.6  -  60 - / > 83**** 

* RS cutoffs: LR (score of < 18), IR (score of 18 - 30), HR (score of > 30) 

** TAILORx RS cutoffs: LR (score of 1 - 10), IR (score of 11 - 25), HR (score of > 25) 

*** pure ILC (pILC excluded) 

**** N0 disease 5-year OS rate: LR 96.9%, IR 97.0%, HR 94.4% (P = 0.0003) 

N1 disease 5-year OS rate: LR 95.5%, IR 95.5%, HR 83.8% (P = 0.0004)  

Abbreviations: ILC, invasive lobular cancer; LR, low risk recurrence score; IR, intermediate risk recurrence score; HR, high 

risk recurrence score; cILC, classic ILC; pILC, pleomorphic ILC; FU, follow-up; BCSS, breast cancer-specific survival; OS, 

overall survival; N, number; m, months 

 

The first study conducted by Conlon et al. examined the RS by Oncotype DX in 135 of a total of 

878 patients diagnosed with ILC at their institution during 2008-2011. In the 135 studied patients with 

ILC, 63% had an LR, 35.5% had an IR, and 1.5% had an HR. Most of the patients with classic ILC 

(cILC, N = 108; 68%) had an LR score. IR was found in 32% of the patients and none had an HR. On 

the contrary, patients with pleomorphic ILC (pILC, N = 13) had an LR score in only 2 of 13 cases (15%). 

In 9 of 13 patients (70%) the RS was intermediate and 2 had an HR (15%). Bias in this study is probable 

because only 15% of the treated ILCs were tested. The tested tumors proved to be smaller and more 

node-negative than the not-Oncotype DX-tested ILC tumors. In this study, patients with IR were treated 

more frequently with adjuvant CT than patients in the LR group (54% vs. 18%, P < 0.0001). The patients 

in the LR group who had undergone adjuvant CT were significantly younger and were more likely to 
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have positive lymph nodes. The RS played a role in decision making regarding CT in approximately 74% 

of the cases [26]. 

The second study by Felts et al. retrospectively analyzed 102 patients diagnosed with early stage 

ILC during 2001-2011. The patients were compared to 307 patients with early stage IDC. Most of the 

ILC patients were reported as LR (42%) and IR (56%), and only 2% were HR. For the IDC population 

the risk score pattern was 55.7%, 35.2%, and 9.1%, respectively. A difference between the subtypes was 

also found in the grade distribution (P = 0.0046) and RS (P = 0.03). The cILC group had more grade 1 

and LR tumors than the two other subtypes, although one cILC tumor was grade 3 and HR. Kaplan-

Meier survival curves showed that DFS for ILC varied significantly with histological subtype (P = 0.049) 

and tumor stage (P = 0.0025). The 5‐year DFS was 100% for pILC, 89% for cILC, and 43% for mixed 

subtypes, but the DFS for the pILC and even more for the mixed subtypes dropped far below the DFS 

for cILC after 5 years. The same was true for the 5‐year OS, which was 100% for pILC, 92% for cILC, 

and 73% for mixed subtypes. After 5 years the OS for pILC and the mixed subtypes became less than 

for cILC (P = 0.018) [27]. 

The third study by Tsai et al. was a retrospective study to predict uniformly low Oncotype DX RS 

using histologic tumor characteristics [28]. Oncotype DX testing of 158 ILC patients resulted in a 

distribution with 57% LR, 42% IR, and 1.3% HR. The analytical model showed that progesterone 

receptor (PR) was the most important factor followed by Ki-67 positivity to distinguish low from high 

RS. This approach may therefore be useful in predicting low recurrence risk in ILC, with a sensitivity 

of 92.3%, a specificity of 97.7%, and a correct classification of 96.5%.  

A more recent study by Kizy et al. analyzed the Surveillance, Epidemiology, and End Results (SEER) 

database from 2004 to 2013 to determine the impact of adjuvant CT on long-term survival of patients 

with ILC. Included were 7316  patients, of which 21% were LR, 71% were IR, and 8% HR using the 

TAILORx RS cutoffs. Adjuvant CT was given to 8% of LR, 19% of IR, and 58% of HR patients. The 

5-year breast cancer-specific survival (BCSS) was 99% for the LR patients, 99% for those in the IR 

group, and 96% for the HR group. Patients in the HR score cohort were more likely to die compared to 

LR patients (hazard ratio 2.37). In this trial, adjuvant CT did not seem to yield a survival benefit for both 

the IR and HR cohorts [29]. 

Tadros et al. prospectively examined in the Genomic Health Clinical Laboratory from February 

2004 to August 2017, where 610,350 tumor specimens and RS were compared among the histological 

subtypes [31]. Significant diversity was found in terms of RS results in patients with a special 

histological subtypes (ILC, IDC+ILC, IDC+other, ILC+other), with a lower mean RS than was seen for 

IDC. In the whole population, most patients had a low RS (59.2%), and only 9.5% had a high RS. 

Patients with ILC had a lower mean RS than patients with IDC (16.3 vs. 18.4), but this study did not 

evaluate the impact of RS on prognosis or CT benefit in non-ductal carcinomas. 
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There are no prospective trials using the Oncotype DX RS in ILC, but the classification of Oncotype 

DX testing in risk scores might help to identify those at intermediate and high risk of ILC recurrence. 

In this context, the study by Christgen et al. warrants addressing. In a prospective clinical trial (WSG 

PlanB trial), 353 lobular cancers (14% of the patients studied) and 2,232 (86%) non-lobular cancers 

were retrospectively analyzed. Although the percentage of patients with high RS was three times lower 

in lobular than in non-lobular BC (8% vs. 24%, P < 0.01), the 5-year DFS estimates for lobular and non-

lobular BC were similar (92.1% vs. 92.3%, not significant). In the subsequent multivariate analysis, 

prognostic parameters for DFS in lobular BC were histological grade 3 and nodal stage pN3 but not 

Oncotype DX RS. Therefore, the prognostic value of RS in lobular BC seems to be different from that 

in non-lobular BC [32]. 

Recently, Weiser et al. validated the Oncotype DX RS in ILC using the National Cancer Database. 

A lower percentage of high RS was identified in ILC compared to IDC, defined as RS > 25 (6.6% vs. 

16%, P < 0.001). In ILC, 10% less CT was prescribed in patients with high RS with either N0 or N1 

disease, compared to similar patients diagnosed with IDC. Furthermore, an absolute OS benefit was 

correlated with CT in high RS patients (4.2% absolute 5-year OS advantage in N0 disease,  and 12.2% 

OS advantage in N1 disease). This study clearly demonstrated that Oncotype DX RS is a valid 

prognostic tool for ILC patients [30]. Also, Makower et al. evaluated the Oncotype DX RS in non-ductal 

BC. As previously reported, a lower incidence of high RS in tumors with lobular histology was observed. 

ILC was most likely coupled with an intermediate RS of 11-25. OS for IDC and ILC were similar, 

whereas mixed histologies (ductal+lobular) were associated with improved OS. Adjuvant CT was 

associated with improved OS in IDC (P < 0.0001). Although the study concluded that benefit of adjuvant 

CT was limited to patients with IDC, the benefit of CT in ILC patients with an RS of > 26 cannot be 

excluded [33]. 

 

3. MammaPrint 

 

The second test, MammaPrint by Agendia, was initially developed from whole-genome expression 

arrays (25,000 genes) of BC specimens [34]. It is a prognostic assay that measures the mRNA expression 

of 70 genes and stratifies patients as genomic “low-risk” or “high-risk” in terms of developing distant 

metastases. Several validation studies have been performed in a population of node-negative BC not 

receiving adjuvant therapy [35-37]. 

A large phase III prospective clinical study, the MINDACT (Microarray in Node-negative and 1 to 

3 positive lymph node Disease may Avoid Chemotherapy) trial, validated the MammaPrint assay. A 

total of 6,693 patients with early BC were enrolled, but only early stage T1-2, N0-1 patients with 

discordant clinical and genomic risk (N = 2,187) were assessed and randomized for CT [14]. In the 
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group of patients with high clinical risk features, 46% were classified as genomically low-risk by 

MammaPrint. This specific group was randomized for CT, but no significant benefit of CT on DFS, OS, 

and survival without metastasis was observed. Therefore, adjuvant CT could be avoided in those patients 

[38]. 

The prognostic value of MammaPrint for ILC was validated in the study by Beumer et al. A total 

of 217 early-stage ILC patients from five clinical studies were included. Twenty-four percent were 

assigned to the HR group. This percentage is much higher than the one reported for the studies evaluating 

Oncotype DX, which may be attributed to the application of the test in a different 

population. MammaPrint HR status in ILC was 2.1 times more often associated with distant metastases 

or death within 10 years after surgery. Moreover, in a subanalysis of the lymph node-negative ILC 

subgroup, the MammaPrint HR group had a 11 times higher likelihood of an event and 5.1 times higher 

chance to die within 10 years after surgery. These results are indicative of the value of MammaPrint in 

risk determination, specifically in lymph node-negative ILC [39]. 

An update of the Mindact study, presented as an abstract at the European Breast Cancer Conference 

by Metzger et al. in 2020, focused on MammaPrint testing in ILC in comparison to IDC. Following 

general classification, 487 patients were diagnosed with ILC (255 cILC, 232 ILC variants) and 4,826 

patients were diagnosed with IDC. In general, ILC tumors were larger and more often ER-positive and 

HER2-negative. Nodal involvement (N1-N3) was similar. Clinically, 48.3% of the ILC and 51.5% of 

IDC were HR, whereas MammaPrint classified 16.2% of the ILC and 39.1% of the IDC as genomically 

HR. Within the ILC group, 10.2% of cILC and 22.8% of ILC-variants were genomically high-grade. A 

discordance in the risk-classification of ILC was observed in 6% of patients being clinically low-risk 

but genomically high-risk and in 38% of patients with a clinically high-risk and genomically low-risk 

constellation. Distant metastasis-free survival (DMFS) and DFS were similar for ILC and IDC classified 

as either low- or high genomic risk (Table 3) [40]. The patient population included in both studies was 

heterogenous and featured HER-2 positive and ER-negative patients.  

 

Table 3. Overview of MammaPrint scores in ILC. 

   ILC  MammaPrint HR  MammaPrint LR  DMFS / DFS

   (N)  (%)   (%)   (%) 

Beumer et al. [39]*  127  24   76   -  

Metzger et al. [40]  487  16.2   83.8   95.5 / 90.8 

Jenkins et al. [41]** 2,610  11   89   - 

* In lymph node-negative cases: MammaPrint HR 18%, MammPrint LR 82% . ** OS: HR 83%, LR 94%  

Abbreviations: DMFS, distant metastasis-free survival; DFS, disease-free survival; HR, high risk; LR, low risk 
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A recent study identified 2,610 patients with ILC who underwent MammaPrint testing using the 

National Cancer Database. Overall, 280 patients (11%) were classified as high genomic risk. Five-year 

OS rates were worse for patients classified as HR (83% vs. 94%, P < 0.05). These patients were 

associated with a greater probability of death (hazard ratio 2.07) when compared to low genomic risk. 

However, the study did not identify which patients would benefit from adjuvant CT based on the 

MammaPrint profile [41].  

 

4. EndoPredict (EPclin) 

 

The EPclin, offered by Myriad Genetics, is a genomic test based on the expression of 12 genes. In 

combination with clinical features of the tumor (size and nodal status),  the risk score is either low-risk 

or high-risk of BC recurring as distant metastases within 10 years after diagnosis [17]. 

In a cohort of 869 consecutive patients with early hormone receptor-positive, HER2-negative BC, 

EPclin was performed in 156 (18%) of the patients. In the group of patients with IDC (N = 121), 44% 

were LR and 56% were HR. In the ILC group (N = 24), this was 46% and 54%, respectively [42]. 

The prognostic value of EPclin in ILC was assessed using the data of three large clinical trials 

(ABCSG-6, ABCSG-8, TransATAC) by Sestak et al. [43]. A cohort of 470 postmenopausal women 

with N0 and N+ ILC who had been treated with ET were analyzed (Table 4). The EPclin proved to be 

more prognostic than the Clinical Treatment Score, which is based on clinicopathological characteristics 

only (HR 2.17, 95% CI 1.73 - 2.72). In the ILC group, 63.4% of women were LR and exhibited a 10-

year distant recurrence (DR) of 4.8%, while 36.6% of patients was HR with a DR risk of 26.6%. Using 

the EPclin risk score, the 10-year DR in case of ILC and IDC were similar in both LR and HR groups. In 

women with lymph node-positive disease (N = 144), 26.4% were categorized as LR by EPclin, with the 

remaining women as HR (73.6%). Significantly higher 10-year DR risk was observed for patients in the 

EPclin HR group compared those in the LR group (31.2% vs. 6.4%). It should be underscored that these 

results are only applicable to women who had received ET only. 

 

Table 4. The value of EPclin in ILC and IDC. 

   ILC  10-y DR   IDC  10-y DR 

   (N = 470) (%)   (N = 1,994) (%) 

EndoPredict low  63.4%  4.8   59.1  5.4 

EndoPredict high  36.6%  26.6   40.9  23.5 

Abbreviation: DR, distant recurrence. Data obtained from [43] 
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5. Prosigna Breast Cancer Prognostic Gene Signature Assay (formerly PAM50) 

 

PAM50 encompasses a quantitative reverse-transcription polymerase chain reaction based on the 

expression of 50 genes. The test subsequently provides risk mRNA-based risk stratification to assess a 

patient's risk of DR at 10 years in postmenopausal early stage, hormone receptor-positive patients.  

Validation of the PAM50 test was performed with patients in the Danish Breast Cancer Group 

database. The Prosigna algorithm calculates the molecular subtype (luminal A, luminal B, HER2-

enriched, or basal-like) and calculates a risk of recurrence (ROR) score (1-100 scale) based on a 46 

gene subset of the 50 target genes (PAM50), with inclusion of a proliferation score (mean expression of 

an 18-gene subset of the 50 genes) and tumor size. Follow-up data were collected of all patients (N = 

2,558) diagnosed from 2000 to 2003 with ER-positive, HER2-negative BC receiving 5 year of ET. 

Patients with IDC (N = 1,570) had 1 to 3 positive lymph nodes or a tumor size of > 20 mm. The PAM50 

ROR showed a statistically significant association with the 10-year DR rate. An analysis for BC with 

special histological subtype, such as apocrine, medullary tumors, showed identical results [44].  

In another study using the same cohort of patients (Danish Breast Cancer Group database, 2000 to 

2003),  a group of 341 patients with ILC were identified. Included patients had ER-positive, HER2-

negative BC, having a tumor size of > 20 mm or 1 to 3 positive lymph nodes, and were scheduled for 

ET during 5 years [45]. A significantly higher number of ILC cases was assigned to the group with a 

low ROR compared to the IDC cases (41% vs. 22%, P < 0.0001). Table 5 summarizes the corresponding 

data. Ninety-seven (28%) ILC patients were IR and 104 (31%) were HR. In patients with ILC and low 

PAM50 the 10-year DR rate was 7.7%, whereas this was only 3.5% for those diagnosed with low 

PAM50 IDC. In the intermediate and high ROR group, the risk of a DR event was significantly higher 

for both ILC and IDC. This study showed that patients with ILC had significantly poorer 10-year DR 

compared to patients with IDC in the same ROR score group. Thus, these results could affect treatment 

decisions regarding the addition of CT to ET for women with ILC. 

Table 5. Value of Prosigna-PAM50 in terms of predicting 10-year DR and OS in ILC and IDC. 

   ILC  10-y DR 10-y OS  IDC           10-y DR 10-y OS 

   (N = 341)  (%) (%)  (N = 1,570) (%) (%) 

Low ROR   41%  7.7    82  22%  3.5 87 

Intermediate ROR   28%  18 70  29%  9.7 81 

High ROR   31%  28.1 68  49%  20.8 66.6 

Abbreviations: DR, distant recurrence; OS, overall survival; ROR, risk of recurrence  

Data obtained from [45] 
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6. Breast Cancer Index (BCI) 

 

The BCI, provided by Biotheranostics, analyzes the activity of seven genes to help predict the risk of 

hormone receptor-positive, N0-1 BC recurring 5 to 10 years after diagnosis. Furthermore, the BCI 

predicts the benefit of extended ET in patients with early-stage, hormone receptor-positive BC [46]. BCI 

reports two results: (1) how likely the cancer is to come back 5 to 10 years after diagnosis and (2) 

whether the patient is likely to benefit from taking ET for a total of 10 years. The U.S. Food and Drug 

Administration has not yet approved the BCI. 

This test combines the gene expression profiles of the HOXB13/IL17BR ratio (H:I) and the 

Molecular Grade Index (MGI). It is the only validated, commercially available test with data 

demonstrating the prognostic risk up to 15 years. H:I is linked to dysfunctional estrogen signaling in 

BC, and MGI is a five-gene signature that recapitulates tumor grade [47]. Extending the duration of 

adjuvant ET has been validated in BCI patients included in the Adjuvant Tamoxifen-To offer more 

(aTTom) randomized trial. BCI by high H:I expression was predictive of an endocrine response and 

identified a subset of hormone receptor-positive, node-positive patients who benefitted for 10 years 

instead of 5 years from tamoxifen treatment (10.2% absolute risk reduction, P = 0.027) [48]. Other trials 

also demonstrated benefit from extended ET, supporting the need for an individualized patient selection 

that the BCI offers [48-50]. 

The clinical utility of BCI in ILC has been analyzed and presented at San Antonio Breast Cancer 

Symposium in 2019. The study included 311 ILC patients (99% ER-positive, 52% stage T1, 42% node-

positive, 66% grade II) with 10 years of median follow-up. In this study, 53% of patients were classified 

as BCI low/intermediate risk and 47% of patients were classified as HR. The overall 10-year risk of DR 

was significantly different in the low/intermediate and HR groups (6.0% vs. 27.9%) [51]. These results 

demonstrate that a substantial portion of ILC was associated with a high 10-year risk of DR and late DR, 

as illustrated in Table 6.  

 

Table 6. Ten-year DR in BCI low/intermediate and high risk cohort. 

 

   ILC  10-y DR  Early DR  Late DR 

   (N = 311)  (%)  (%)  (%) 

BCI low/intermediate 53%  6  1.4  5.6 

BCI high   47%  27.9  11.8  18.2 

Abbreviation: DR, distant recurrence 

Data obtained from [51] 
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In a second study, BCI results for hormone receptor-positive, lymph node-negative BC (N = 2,554) 

were compared between ILC patients (13.7%) and IDC patients (80.7%). The analysis revealed that the 

median BCI score was lower in ILC than in IDC (P < 0.0001) and classified a smaller fraction of patients 

as high-risk for late DR compared to IDC (36.5% vs. 53.1%; P < 0.0001) [52]. Also, a slightly decreased 

proportion of patients with ILC was identified as benefitting from extended ET compared to IDC (38.2% 

vs. 41.1%).  

 

7. Genomic grade (GG) 

 

The GG is a 97 gene-comprising assay developed and validated with the purpose of assessing tumor 

grading more objectively in IDC [15]. Histological grading (HG) suffers from inter- and intra-observer 

variability. The therapeutic assessment of low grade (G1) tumors and high grade (G3) tumors tends to 

be different. Most ILCs are classified as intermediate (G2) and therapeutic implications become vague. 

By applying the GG, a better reclassification is possible as a result of which most HG2 tumors could be 

attributed to either a low (GG1) or high GG category (GG3) [53]. 

Metzger-Fihlo et al. studied 166 ILC samples (87% cILC and 13% pILC) [54]. The HG 

classification for grade 1, 2, and 3 was 20%, 73%, and 7%, respectively. Using the GG, the problematic 

group of HG2 was reduced: 64% for GG1, 19% for GG2, and 17% for GG3. The percentage of HG and 

GG for cILC and pILC is presented in Table 7. In the median follow-up time of 6.5 years, the 5-year 

invasive DFS and OS of the GG3 tumors was less than for GG1 tumors, confirming the modeling that 

underlies this genomic test. Nodal status, tumor size (only for invasive DFS), and GG2/GG3 were 

significant prognostic factors for invasive DFS and OS, whereas the histological subtype (cILC or pILC) 

was not. This is in contrast with the study of Iorfida et al., which found differences in DFS and OS for 

the different ILC subtypes. Worst outcomes were found for solid ILC and mixed non-classic ILC versus 

patients with cILC [8]. 

Table 7. Distribution of HG and GG according to lobular histology. 

ILC (N = 166)   cILC (N = 144)                  pILC (N =22) 

______________   ______________   ______________ 

HG  GG  HG  GG  HG  GG 

__________________________________________________________________________________________________ 

Grade 1  20%  64%  22%  69%  5%  27% 

Grade 2  73%  19%  74%  15%  68%  46% 

Grade 3  7%  17%  4%  16%  27%  27% 

____________________________________________________________________________________________________

Abbreviations: cILC, classic ILC; pILC, pleomorphic ILC; HG, histological grade; GG, genomic grade.                                       

Data obtained from [54] 
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Another study reclassified 83% of the ILC tumors (N = 118) into low or high grade. Eighty-one percent 

of the HG2 (N = 96) were reclassified. In total, 72% of cILC patients were GG1, 14% were GG3, while 

14% remained undetermined [55]. In the subset of pILC (N = 13), GG was able to reclassify the majority 

of the HG2 tumors: 38.5% became GG1, 23% were classified as GG3, while 38.5% remained grade 2. 

The prognostic value of GG for invasive DFS was demonstrated for the subset of node-negative ILCs 

(N = 57; GG1 vs. GG3; hazard ratio 0.24; P = 0.03), but not for the overall series. 

 

7. LobSig 

 

A recently developed 194-gene signature was capable of stratifying the prognosis in ILC (LobSig) [56]. 

LobSig is the first gene signature with a primary focus on prognostication of ILC patients and 

outperformed the NPI, Prosigna, Oncotype Dx, and GG in a stepwise, multivariate Cox proportional 

hazards model, particularly in grade 2 tumors. LobSig high tumors were associated with a high 

prevalence of ERBB2 (20.0%), ERBB3 (14.3%), AKT1 (8.6%), and ROS1 (8.6%) mutations, paving 

the way for the employment of targeted therapies. The signature however needs further validation in 

ILC cohorts.  

 

8. Discussion 

 

It has been demonstrated that ILC differs from IDC in its  pathophysiology, genetic alterations, patient 

characteristics, and treatment offered in daily practice [7,57]. A cardinal feature of ILCs is the absence 

of E-cadherin, causing incohesive proliferation [58]. Most ILC cases are luminal A, but pleomorphic 

and apocrine lobular carcinomas tend to be luminal B, whereas some are HER2-positive and belong to 

HER2-enriched subgroups [8]. The majority of the ILC tumors expresses ER and ILC patients strongly 

benefit from ET [7]. The survival of most ILC patients is good compared to IDC patients, although 

survival results are surprising when follow-up periods extend beyond 5-10 years. The outcome after 10 

years became worse for ILC patients [59]. The development and implementation of genomic assays will 

contribute to more accurate and personalized patient care by identifying those who could benefit from 

the addition of CT to their treatment [60]. However, most prognostic studies on BC have been performed 

on patients with predominantly ductal cancers; their validity in patients with ILC therefore lacks 

substantial credence.  

Both Oncotype DX and MammaPrint have been extensively validated for BC in general and are 

used as such. Oncotype DX testing is restricted to hormone receptor-positive, HER2-negative, N0-1 

tumors. The Mindact study design for MammaPrint also rendered hormone receptor-negative and 

HER2-positive tumors eligible for analysis, but in practice nearly all of these tumors were classified as 

high-risk.  
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The interest for ILC is new and no prospective randomized trials have been conducted to date. Using 

Oncotype DX testing, several studies included a rather low percentage of high-risk ILC tumors,  with 

TAILORx cutoffs ranging from 1.5%-2.0% or 6.6%-8.0%. Bias in the Oncotype DX studies by e.g., 

restrictions on the study population has been discussed. Several studies revealed the same low HR 

percentage in ILC. Recently, Weiser et al. used the National Cancer Database to validate the use of RS 

in ILC. The authors concluded that far less patients with ILC have a high RS and those with HR were 

treated with CT, although CT was less often administered compared to similar IDC patients (17.3% vs. 

24.6%; P < 0.0001) [30]. These findings may be explained by clinical trials demonstrating that patients 

with ILC experienced no benefit from the addition of CT to their treatment regimen [61]. However, an 

absolute OS advantage was positively correlated with the receipt of CT by patients with ILC and a high 

RS, with pronounced benefit in case of node-positive disease. In contrast, Kizy et al. and Chen et al. 

demonstrated that ILC patients with a high RS did not benefit from CT [28,62]. 

Current data on risk classification in ILC using the MammaPrint are scarcer. Beumer et al. found 

that MammaPrint was significantly associated with OS and DMFS among patients with ILC [39]. 

Metzger et al. also reported that MammaPrint was associated with DFS among patients with ILC [40]. 

The largest study that evaluated the prognostic and predictive value of MammaPrint for patients with 

ILC found that the assay was significantly associated with survival, but failed to predict the benefit of 

adjuvant CT in patients with high genomic risk [41]. 

EPclin, PAM50, and the BCI have been validated in patients receiving ET, an obvious and valid 

option given that ILC is hormone-sensitive. Certain particularities should be remembered however. The 

EPclin RS has been validated for ET only as adjuvant therapy in both lymph node-negative and positive 

patients [43]. In case of PAM50 ROR, tumors were more than 20 mm or had 1-3 positive lymph nodes 

[45]. The BCI is not approved yet, but it provides additional information on a late DR and an extended 

ET [51]. The HR groups amounted to 36.6% of all ILCs for EPclin, 31% for PAM50, and 36%-47% for 

BCI, solely to emphasize the fact that the reported percentage of HR ILC tumors by Oncotype DX is 

low. However, the number of studies and patients for these three tests still pale in comparison to those 

for Oncotype DX and MammaPrint.  

The genomic grade panel has been shown to be more powerful to reclassify HG to GG1 or GG3 

and was able to recategorize some pILC to the lower risk category and some cILC to the higher risk 

group [7,55]. In a multivariate Cox proportional hazards model, the GG2/GG3, nodal status, and tumor 

size (only for invasive DFS) were prognostic factors for DFS and OS.  

Different subtypes of ILC have been reported to play a role in survival.  A poorer prognosis for 

pILC - the solid and the mixed non-classic variants, has been demonstrated using traditional pathology 

sections [8]. In the study by Conlon et al., pILC but not cILC presented with high Oncotype DX RS, 

although numbers were very limited [26]. Felts et al. found a significant difference in Oncotype DX RS 
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for pILC vs. cILC and tumor stage [27]. DFS and OS beyond the 5-year mark were worse for pILC and 

perhaps surprisingly even worse for the mixed subtypes of ILC. In the update of the Mindact study on 

ILC, 10.2% of cILC and 22.8% of ILC variants were genomically HG within the ILC group. Arguments 

have been posited that the subtype of ILC might play a role in determining prognosis, but it is unclear 

whether characteristics such as HER2 positivity or PR negativity, being more prevalent in pILC, 

constitute underlying causes.  

Concluding remarks 

The clinical utility of genomic predictors for adjuvant CT decision-making in luminal breast cancer has 

been demonstrated, however ILC has received little attention. In ILC patients the time between diagnosis 

and relapse/recurrence can be long, making prospective studies difficult to sustain. Therefore, most 

studies were at best a retrospective analysis of a prospective trial and comprise a limited number of 

patients. In addition, several genomic tests are only applicable in tumors with specific restrictions, such 

as hormone receptor positivity, HER2 negativity, and ET only. Being aware of these limitations and 

caveats, the majority of genomic tests were able to define a seemingly relevant high risk group for ILC, 

but comparisons and definite conclusions remain difficult at this stage. Future research should entail a 

prospective design considering the various subtypes of this underestimated cancer.   

 

 

Conflict of Interest 

 

The authors have no conflicts of interest to declare 

  



Journal of Clinical and Translational Research 

10.18053/Jctres/08.202206.009 

References 

 

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 2019;69:7–34.  

[2] Li CI, Anderson BO, Daling JR, Moe RE. Trends in incidence rates of invasive lobular and 

ductal breast carcinoma. Jama 2003;289:1421–4.  

[3] Biglia N, Maggiorotto F, Liberale V, Bounous VE, Sgro LG, Pecchio S, D’Alonzo M, Ponzone 

R. Clinical-pathologic features, long term-outcome and surgical treatment in a large series of 

patients with invasive lobular carcinoma (ILC) and invasive ductal carcinoma (IDC). Eur J 

Surg Oncol 2013;39:455–60.  

[4] Rakha EA, Van Deurzen CHM, Paish EC, MacMillan RD, Ellis IO, Lee AHS. Pleomorphic 

lobular carcinoma of the breast: Is it a prognostically significant pathological subtype 

independent of histological grade? Mod Pathol 2013;26:496–501.  

[5] Marmor S, Hui JYC, Huang JL, Kizy S, Beckwith H, Blaes AH, Rueth NM, Tuttle TM. 

Relative effectiveness of adjuvant chemotherapy for invasive lobular compared with invasive 

ductal carcinoma of the breast. Cancer 2017;123:3015–21.  

[6] Loibl S, Volz C, Mau C, Blohmer J-U, Costa SD, Eidtmann H, Fasching PA, Gerber B, 

Hanusch C, Jackisch C, Kümmel S, Huober J, Denkert C, Hilfrich J, Konecny GE, et al. 

Response and prognosis after neoadjuvant chemotherapy in 1,051 patients with infiltrating 

lobular breast carcinoma. Breast Cancer Res Treat 2014;144:153–62.  

[7] McCart Reed AE, Kalinowski L, Simpson PT, Lakhani SR. Invasive lobular carcinoma of the 

breast: the increasing importance of this special subtype [Internet]. Vol. 23, Breast Cancer 

Research. BioMed Central Ltd; 2021 [cited 2021 Mar 17]. p. 1–16.  

[8] Iorfida M, Maiorano E, Orvieto E, Maisonneuve P, Bottiglieri L, Rotmensz N, Montagna E, 

Dellapasqua S, Veronesi P, Galimberti V, Luini A, Goldhirsch A, Colleoni M, Viale G. 

Invasive lobular breast cancer: subtypes and outcome. Breast Cancer Res Treat 2012;133:713–

23.  

[9] Simpson PT, Reis-Filho JS, Lambros MBK, Jones C, Steele D, Mackay A, Iravani M, Fenwick 

K, Dexter T, Jones A, Reid L, Da Silva L, Shin SJ, Hardisson D, Ashworth A, et al. Molecular 

profiling pleomorphic lobular carcinomas of the breast: Evidence for a common molecular 

genetic pathway with classic lobular carcinomas. J Pathol 2008;215:231–44.  

[10] Narendra S, Jenkins SM, Khoor A, Nassar A. Clinical outcome in pleomorphic lobular 

carcinoma: A case-control study with comparison to classic invasive lobular carcinoma. Ann 

Diagn Pathol 2015;Apr;19(2):  



Journal of Clinical and Translational Research 

10.18053/Jctres/08.202206.009 

[11] Candido dos Reis FJ, Wishart GC, Dicks EM, Greenberg D, Rashbass J, Schmidt MK, van den 

Broek AJ, Ellis IO, Green A, Rakha E, Maishman T, Eccles DM, Pharoah PDP. An updated 

PREDICT breast cancer prognostication and treatment benefit prediction model with 

independent validation. Breast Cancer Res 2017;19:1–13.  

[12] Green AR, Soria D, Stephen J, Powe DG, Nolan CC, Kunkler I, Thomas J, Kerr GR, Jack W, 

Cameron D, Piper T, Ball GR, Garibaldi JM, Rakha EA, Bartlett JM, et al. Nottingham 

prognostic index plus: Validation of a clinical decision making tool in breast cancer in an 

independent series. J Pathol Clin Res 2016;2:32–40.  

[13] Sparano JA, Gray RJ, Makower DF, Pritchard KI, Albain KS, Hayes DF, Geyer CE, Dees EC, 

Goetz MP, Olson JA, Lively T, Badve SS, Saphner TJ, Wagner LI, Whelan TJ, et al. Adjuvant 

Chemotherapy Guided by a 21-Gene Expression Assay in Breast Cancer. N Engl J Med 

2018;379:111–21.  

[14] Cardoso F, van’t Veer LJ, Bogaerts J, Slaets L, Viale G, Delaloge S, Pierga J-Y, Brain E, 

Causeret S, DeLorenzi M, Glas AM, Golfinopoulos V, Goulioti T, Knox S, Matos E, et al. 70-

Gene Signature as an Aid to Treatment Decisions in Early-Stage Breast Cancer. N Engl J Med 

2016;375:717–29.  

[15] Sotiriou C, Wirapati P, Loi S, Harris A, Fox S, Smeds J, Nordgren H, Farmer P, Praz V, Haibe-

Kains B, Desmedt C, Larsimont D, Cardoso F, Peterse H, Nuyten D, et al. Gene Expression 

Profi ling in Breast Cancer: Understanding the Molecular Basis of Histologic Grade To 

Improve Prognosis. J Natl Cancer Inst 2006;98.  

[16] Bastien RRL, Ebbert MTW, Boucher KM, Kelly CM, Wang B, Iwamoto T, Krishnamurthy S, 

Pusztai L, Bernard PS. Using the PAM50 breast cancer intrinsic classifier to assess risk in ER+ 

breast cancers: A direct comparison to Onco type DX. J Clin Oncol 2011;29:503–503.  

[17] Dubsky P, Brase JC, Jakesz R, Rudas M, Singer CF, Greil R, Dietze O, Luisser I, Klug E, 

Sedivy R, Bachner M, Mayr D, Schmidt M, Gehrmann MC, Petry C, et al. The EndoPredict 

score provides prognostic information on late distant metastases in ER+/HER2− breast cancer 

patients. Br J Cancer 2013;109:2959–2964.  

[18] Sgroi DC, Sestak I, Cuzick J, Zhang Y, Schnabel CA, Schroeder B, Erlander MG, Dunbier A, 

Sidhu K, Lopez-Knowles E, Goss PE, Dowsett M. 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;14:1067–76.  

[19] Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Baehner FL, Walker MG, Watson D, Park 



Journal of Clinical and Translational Research 

10.18053/Jctres/08.202206.009 

T, Hiller W, Fisher ER, Wickerham DL, Bryant J, Wolmark N. A Multigene Assay to Predict 

Recurrence of Tamoxifen-Treated, Node-Negative Breast Cancer. N Engl J Med 

2004;351:2817–26.  

[20] Mamounas EP, Russell CA, Lau A, Turner MP, Albain KS. Clinical relevance of the 21-gene 

Recurrence Score® assay in treatment decisions for patients with node-positive breast cancer in 

the genomic era [Internet]. Vol. 4, npj Breast Cancer. Nature Publishing Group; 2018 [cited 

2021 Mar 3]. p. 27.  

[21] Albain KS, Barlow WE, Hayes DFDC, Allred GW, Davidson NE, Gralow JR, Hortobagyi GN, 

Ingle JN, Osborne CK, Perez EA, Pritchard KI, Shepherd L, Winer EP, Yeh I-T. Prognostic 

and Predictive Value of the 21-Gene Recurrence Score Assay in a Randomized Trial of 

Chemotherapy for Postmenopausal, Node-Positive, Estrogen Receptor-Positive Breast Cancer 

NIH Public Access. Lancet Oncol 2010;11:55–65.  

[22] Gluz O, Nitz U, Christgen M, Kates R, Clemens M, Nuding B, Shak S, Würstlein R, Kreipe H, 

Harbeck N. Five-year results of the prospective Phase III WSG PlanB trial confirm prognostic 

impact of 21-Gene Recurrence Score in high-risk HR+/HER2− early breast cancer (EBC) 

patients with 1-3 involved lymph nodes. The Breast 2017;32:S93.  

[23] Paik S, Tang G, Shak S, Kim C, Baker J, Kim W, Cronin M, Baehner FL, Watson D, Bryant J, 

Costantino JP, Geyer CE, Wickerham DL, Wolmark N. Gene expression and benefit of 

chemotherapy in women with node-negative, estrogen receptor-positive breast cancer. J Clin 

Oncol 2006;24:3726–34.  

[24] Sparano JA, Gray RJ, Ravdin PM, Makower DF, Pritchard KI, Albain KS, Hayes DF, Geyer 

CE, Dees EC, Goetz MP, Olson JA, Lively T, Badve SS, Saphner TJ, Wagner LI, et al. Clinical 

and Genomic Risk to Guide the Use of Adjuvant Therapy for Breast Cancer. N Engl J Med 

2019;380:2395–405.  

[25] K. Kalinsky, W.E. Barlow, J.R. Gralow, F. Meric‑Bernstam, K.S. Albain, D.F. Hayes, N.U. 

Lin, E.A. Perez, L.J. Goldstein, S.K.L. Chia, S. Dhesy‑Thind, P. Rastogi, E. Alba, S. Delaloge, 

M. Martin, C.M. Kelly, M. Ruiz‑Borrego, M. Gil‑Gil, C.H. Arce‑Salinas, BB, M. 

Ramos‑Vazquez, K.‑H. Jung, J.‑M. Ferrero, A.F. Schott, S. Shak, P. Sharma, D.L. Lew, J. 

Miao, D. Tripathy, L. Pusztai  and GNH. 21-Gene Assay to Inform Chemotherapy Benefit in 

Node-Positive Breast Cancer. N Engl J Med 2021;385:2336-4.  

[26] Conlon N, Ross DS, Howard J, Catalano JP, Dickler MN, Tan LK. Is there a role for oncotype 

Dx testing in invasive lobular carcinoma? Breast J 2015;Volume 21.  

[27] Felts JL, Zhu J, Han B, Smith SJ, Truica CI. An Analysis of Oncotype DX Recurrence Scores 



Journal of Clinical and Translational Research 

10.18053/Jctres/08.202206.009 

and Clinicopathologic Characteristics in Invasive Lobular Breast Cancer. Breast J 

2017;23:677–86.  

[28] Tsai ML, Lillemoe TJ, Finkelstein MJ, Money JE, Susnik B, Grimm E, Kang S-HL, Swenson 

KK. Utility of Oncotype DX Risk Assessment in Patients With Invasive Lobular Carcinoma. 

Clin Breast Cancer 2016;16:45–50.  

[29] Kizy S, Li Huang J, Marmor S, Tuttle TM, Yuet Ching Hui J. Impact of the 21-gene recurrence 

score on outcome in patients with invasive lobular carcinoma of the breast. Breast Cancer Res 

Treat 2017;165:757–63.  

[30] Weiser R, Polychronopoulou E, Hatch SS, Haque W, Ghani HA, He J, Kuo Y fang, Gradishar 

WJ, Klimberg VS. Adjuvant chemotherapy in patients with invasive lobular carcinoma and use 

of the 21-gene recurrence score: A National Cancer Database analysis. Cancer 2022;128:1738–

47.  

[31] Tadros AB, Wen HY, Morrow M. Breast Cancers of Special Histologic Subtypes Are 

Biologically Diverse. Ann Surg Oncol 2018;25:3158–64.  

[32] Christgen M, Gluz O, Harbeck N, Kates RE, Raap M, Christgen H, Clemens M, Malter W, 

Nuding B, Aktas B, Kuemmel S, Reimer T, Stefek A, Krabisch P, Just M, et al. Differential 

impact of prognostic parameters in hormone receptor–positive lobular breast cancer. Cancer 

2020;126:4847–58.  

[33] Makower D, Qin J, Lin J, Xue X, Sparano JA. The 21-gene recurrence score in early non-

ductal breast cancer: a National Cancer Database analysis. npj Breast Cancer 2022;8.  

[34] Van’t Veer LJ, Dai H, Van de Vijver MJ, He YD, Hart AAM, Mao M, Peterse HL, Van Der 

Kooy K, Marton MJ, Witteveen AT, Schreiber GJ, Kerkhoven RM, Roberts C, Linsley PS, 

Bernards R, et al. Gene expression profiling predicts clinical outcome of breast cancer. Nature 

2002;415:530–6.  

[35] Mook S, Schmidt MK, Viale G, Pruneri G, Eekhout I, Floore A, Glas AM, Bogaerts J, Cardoso 

F, Piccart-Gebhart MJ, Rutgers ET, Van’t Veer LJ. The 70-gene prognosis-signature predicts 

disease outcome in breast cancer patients with 1-3 positive lymph nodes in an independent 

validation study. Breast Cancer Res Treat 2009;116:295–302.  

[36] Kok M, Koornstra RH, Mook S, Hauptmann M, Fles R, Jansen MP, Berns EM, Linn SC, 

Van ’t Veer LJ. Additional value of the 70-gene signature and levels of ER and PR for the 

prediction of outcome in tamoxifen-treated ER-positive breast cancer. Breast 2012;21:769–78.  

[37] Buyse M, Loi S, van’t Veer L, Viale G, Delorenzi M, Glas AM, d’Assignies MS, Bergh J, 

Lidereau R, Ellis P, Harris A, Bogaerts J, Therasse P, Floore A, Amakrane M, et al. Validation 



Journal of Clinical and Translational Research 

10.18053/Jctres/08.202206.009 

and clinical utility of a 70-gene prognostic signature for women with node-negative breast 

cancer. J Natl Cancer Inst 2006;98:1183–92.  

[38] Cardoso F, van ’t Veer L, Poncet C, Lopes Cardozo J, Delaloge S, Pierga J-Y, Vuylsteke P, 

Brain E, Viale G, Kuemmel S, Rubio IT, Zoppoli G, Thompson AM, Matos E, Zaman K, et al. 

MINDACT: Long-term results of the large prospective trial testing the 70-gene signature 

MammaPrint as guidance for adjuvant chemotherapy in breast cancer patients. J Clin Oncol 

2020;38:506–506.  

[39] Beumer IJ, Persoon M, Witteveen A, Dreezen C, Chin SF, Sammut SJ, Snel M, Caldas C, Linn 

S, van’t Veer LJ, Bernards R, Glas AM. Prognostic value of MammaPrint® in invasive lobular 

breast cancer. Biomark Insights 2016;11:139–46.  

[40] Metzger O, Cardoso F, Poncet C, Desmedt C, Linn S, Wesseling J, Hilbers F, Aalders K, 

Delorenzi M, Delaloge S, Pierga JY, Brain E, Vrijaldenhoven S, Neijenhuis PA, Rutgers E, et 

al. Clinical utility of MammaPrint testing in Invasive Lobular Carcinoma: Results from the 

MINDACT phase III trial. Eur J Cancer 2020;138:S5–6.  

[41] Jenkins JA, Marmor S, Yuet J, Hui C, Beckwith · Heather, Blaes AH, David Potter ·, Todd ·, 

Tuttle M. The 70-gene signature test as a prognostic and predictive biomarker in patients with 

invasive lobular breast cancer. Breast Cancer Res Treat 2022;191:401–7.  

[42] Almstedt K, Mendoza · S, Otto · M, Battista · M J, Steetskamp · J, Heimes · A S, Krajnak · S, 

Poplawski · A, Gerhold-Ay · A, Hasenburg · A, Denkert · C, Schmidt · M. EndoPredict® in 

early hormone receptor-positive, HER2-negative breast cancer. Breast cancer res Treat 

2020;182:137–46.  

[43] Sestak I, Filipits M, Buus R, Rudas M, Balic M, Knauer M, Kronenwett R, Fitzal F, Cuzick J, 

Gnant M, Greil R, Dowsett M, Dubsky P. Prognostic Value of EndoPredict in Women with 

Hormone Receptor–Positive, HER2-Negative Invasive Lobular Breast Cancer. Clin Cancer Res 

2020;26:4682–7.  

[44] Laenkholm AV, Jensen MB, Eriksen JO, Buckingham W, Ferree S, Nielsen TO, Ejlertsen B. 

The ability of PAM50 risk of recurrence score to predict 10-year distant recurrence in hormone 

receptor-positive postmenopausal women with special histological subtypes. Acta Oncol 

(Madr) 2018;57:44–50.  

[45] Laenkholm A-V, Jensen M-B, Eriksen JO, Roslind A, Buckingham W, Ferree S, Nielsen T, 

Ejlertsen B. Population-based Study of Prosigna-PAM50 and Outcome Among 

Postmenopausal Women With Estrogen Receptor-positive and HER2-negative Operable 

Invasive Lobular or Ductal Breast Cancer. Clin Breast Cancer 2020;20:423–55.  



Journal of Clinical and Translational Research 

10.18053/Jctres/08.202206.009 

[46] Sanft T, Berkowitz A, Schroeder B, Hatzis C, Schnabel CA, Brufsky A, Gustavsen G, Pusztai 

L, Londen G van. A prospective decision-impact study incorporating Breast Cancer Index into 

extended endocrine therapy decision-making. Breast Cancer Manag 2019;8:BMT22.  

[47] Jankowitz RC, Cooper K, Erlander MG, Ma XJ, Kesty NC, Li H, Chivukula M, Brufsky A. 

Prognostic utility of the breast cancer index and comparison to Adjuvant! Online in a clinical 

case series of early breast cancer. Breast Cancer Res 2011;13:R98.  

[48] S Bartlett JM, Sgroi DC, Treuner K, Zhang Y, Ahmed I, Piper T, Salunga R, Brachtel EF, 

Pirrie SJ, Schnabel CA, Rea DW, Bartlett JM. Breast Cancer Index and prediction of benefit 

from extended endocrine therapy in breast cancer patients treated in the Adjuvant Tamoxifen-

To Offer More? (aTTom) trial. Ann Oncol 2019;30:1776–83.  

[49] Sgroi DC, Carney E, Zarrella E, Steffel L, Binns SN, Finkelstein DM, Szymonifka J, Bhan AK, 

Shepherd LE, Zhang Y, Schnabel CA, Erlander MG, Ingle JN, Porter P, Muss HB, et al. 

Prediction of late Disease recurrence and extended Adjuvant letrozole Benefit by the 

HOXB13/il17Br Biomarker. J Natl Cancer Inst 2013;105:1036–1042.  

[50] Zhang Y, Schnabel CA, Schroeder BE, Jerevall PL, Jankowitz RC, Fornander T, Stäl O, 

Brufsky AM, Sgroi D, Erlander MG. Breast cancer index identifies early-stage estrogen 

receptor-positive breast cancer patients at risk for early- and late-distant recurrence. Clin 

Cancer Res 2013;19:4196–205.  

[51] Sella T, Nunes R, Treuner K, Atkinson J, Wong J, Zhang Y, Exman P, Dabbs D, Richardson 

A, Schnabel C, Sgroi D, Oesterreich S, Cimino-Mathews A, Metzger O. Abstract P3-08-03: 

Breast cancer index and prognostic performance in invasive lobular breast cancer. In: Cancer 

Research American Association for Cancer Research (AACR); 2020. p. P3-08-03-P3-08–03.  

[52] Nunes R, Salganik M, Liu J, Schnabel CA, Richardson AL. Likelihood of late relapse assessed 

by the Breast Cancer Index (BCI) in LN-invasive lobular compared to invasive ductal 

carcinoma. J Clin Oncol 2017;35:e12025–e12025.  

[53] Sinn P, Aulmann S, Wirtz R, Schott S, Marmé F, Varga Z, Lebeau A, Kreipe H, Schneeweiss 

A. Multigene assays for classification, prognosis, and prediction in breast cancer: A critical 

review on the background and clinical utility. Geburtshilfe und Frauenheilkunde. 2013.  

[54] Metzger-Filho O, Michiels S, Bertucci F, Catteau A, Salgado R, Galant C, Fumagalli D, 

Singhal SK, Desmedt C, Ignatiadis M, Haussy S, Finetti P, Birnbaum D, Saini KS, Berlière M, 

et al. Genomic grade adds prognostic value in invasive lobular carcinoma †. Ann Oncol 

2013;24:377–84.  

[55] Fumagalli D, Metzger O, Veys I, Catteau A, Michiels S, Sandy H, Salgado R, Singhal SK, 



Journal of Clinical and Translational Research 

10.18053/Jctres/08.202206.009 

Saini K V., Galant C, Galland N, Bertucci F, Peyro Saint Paul HP, Piccart-Gebhart MJ, 

Sotiriou C, et al. Use of genomic grade index to improve tumor grading of invasive lobular 

breast carcinoma. J Clin Oncol 2011;29:535–535.  

[56] Mccart Reed AE, Lal S, Kutasovic JR, Wockner L, Robertson A, De Luca XM, Kalita-De 

Croft P, Dalley AJ, Coorey CP, Kuo L, Ferguson K, Niland C, Miller G, Johnson J, Reid LE, et 

al. LobSig is a multigene predictor of outcome in invasive lobular carcinoma. npj Breast 

Cancer 2019;5:18.  

[57] Mamtani A, King TA. Lobular Breast Cancer Different Disease, Different Algorithms? Surg 

Oncol Clin N Am 2018;27:81–94.  

[58] Christgen M, Steinemann D, Kühnle E, Länger F, Gluz O, Harbeck N, Kreipe H. Pathology – 

Research and Practice Lobular breast cancer : Clinical , molecular and morphological 

characteristics. Pathol -- Res Pract 2016;212:583–97.  

[59] Pestalozzi BC, Zahrieh D, Mallon E, Gusterson BA, Price KN, Gelber RD, Holmberg SB, 

Lindtner J, Snyder R, Thürlimann B, Murray E, Viale G, Castiglione-Gertsch M, Coates AS, 

Goldhirsch A. Distinct clinical and prognostic features of infiltrating lobular carcinoma of the 

breast: Combined results of 15 International Breast Cancer Study Group clinical trials. J Clin 

Oncol 2008;26:3006–14.  

[60] Piccart MJ, Kalinsky K, Gray R, Barlow WE, Poncet C, Cardoso F, Winer E, Sparano J. Gene 

expression signatures for tailoring adjuvant chemotherapy of luminal breast cancer: stronger 

evidence, greater trust. Ann Oncol 2021;32:1077–82.  

[61] Trapani D, Gandini S, Corti C, Crimini E, Bellerba F, Minchella I, Criscitiello C, Tarantino P, 

Curigliano G. Benefit of adjuvant chemotherapy in patients with lobular breast cancer: A 

systematic review of the literature and metanalysis. Cancer Treat Rev 2021;97.  

[62] Chen XH, Zhang WW, Wang J, Sun JY, Li FY, He ZY, Wu SG. 21-gene recurrence score and 

adjuvant chemotherapy decisions in patients with invasive lobular breast cancer. Biomark Med 

2018;13:83–93.  

 

 

 


