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Abstract

Background Estimating distant recurrence risk in women with estrogen receptor-positive, human epidermal growth factor
receptor 2 (HER2)-negative early breast cancer is still challenging. EndoPredict® is a gene expression-based test predict-
ing the likelihood of recurrent disease. We analyzed the difference in oncological decision making with and without the
knowledge of gene expression tests.

Patients and methods This is a retrospective analysis including patients diagnosed with hormone-receptor positive, Her2
negative breast cancer between 2011 and 2015 at the Municipal Breast Cancer Centre Cologne, Germany. All patients
received an evaluation by EndoPredict®. An oncological tumor board (TB) with knowledge of these results served as a
baseline (control group). This baseline was compared to the treatment decision (adjuvant chemotherapy yes vs. no) made by
oncologists with different experience levels (less than 5 years, between 5 and 15 years, and more than 15 years) who were
not provided the EndoPredict® scores. All clinicians had access to clinical as well to histopathological data.

Results There was no significant difference between control group and the oncologists with different experience levels con-
cerning a chemotherapy indication. A trend could be shown in the subgroup of nodal negative patients between the treatment
recommendation and physicians with more than 15 years of experience (p =0.088). A further trend could be demonstrated
in the subgroup of patients with a low Ki67 index (< 14%) (p =0.063) between physician with 5-10 years of clinical experi-
ence and official treatment recommendation.

Conclusion It seems that inexperienced physicians may profit from the use of EndoPredict® to avoid an overtreatment. In
nodal negative patients and patients with a low Ki67 index, undertreatment can be avoided with the use of EndoPredict®
(borderline significance). Further prospective studies with larger study cohorts are needed to further validate this tool.
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Background

Estimating distant recurrence risk in women with estrogen
receptor positive, human epidermal growth factor receptor
2 (HER2)-negative early breast cancer is still challenging.
In patients with Her2-negative tumors, standard adjuvant
chemotherapy is based on anthracyclines and taxane com-
binations [1]. Guidelines recommend conventional regi-
mens that include 4 X EC/AC (epirubicin, cyclophospha-
mide or doxorubicin, and cyclophosphamide), followed by
12 X paclitaxel (weekly) [1]. Previously published long-
term data showed the efficacy of this regime [1, 2]. Several
tools have been developed to aid in decisions regarding
adjuvant therapy. These include specialist guidelines, such
as the St. Gallen consensus [3, 4]. Perou et al. were the
first who described intrinsic subtypes in the molecular
pathology of breast cancer with the help of gene expres-
sion analysis. The different intrinsic subtypes were associ-
ated with a different prognosis [5, 6] and hence correlated
with different overall and disease-free survivals [6, 7].

Based on these results, gene expression test has been
developed to estimate the risk for recurrent disease [6]. In
patients with hormone receptor positive, HER2 negative
patients with 0-3 lymph nodes gene expression tests are
usually used to allow a treatment decision [1]. Commonly
used gene expression tests include EndoPredict®, Prosigna,
MammaPrint®, and Oncotype DX. EndoPredict® (Sividon
Diagnostics GmbH, Cologne, Germany) is a gene expres-
sion-based test predicting the likelihood of recurrent disease.
This gene-expression-based test measures the expression
of eight cancer-related genes of interest (BIRCS5, UBE2C,
DHCR7, RBBPS, IL6ST, AZGP1, MGP, and STC2) and three
reference genes (CALM2, OAZI, and RPL37A). A molecular
risk score (EP score) can be calculated with these data [8].
Patients can be stratified into a low- or high-risk group based
on predefined cut-off values [8—10].

EndoPredict® has been proven to be highly prognostic
for disease recurrence in endocrine-treated patients with
ER+, HER2-negative disease [11, 12]. We analyzed the
difference in oncological decision making with and with-
out the knowledge of gene expression tests. Of special
interest was the reduction of chemotherapy indications
due to the use of gene expression tests and incidence of
potential overtreatment due to lack of clinical experience.

Patients and methods
This is a retrospective, hospital-based analysis including

79 patients diagnosed with hormone receptor positive
(HR+), HER2 negative (Her2-) breast cancer between
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2011 and 2015 who were treated at the Municipal Breast
Cancer Centre in Cologne, Germany. All 79 patients
received an evaluation by EndoPredict® test. EndoPredict®
test was done in G2 tumors, luminal A tumors in combi-
nation with other risk factors (e.g., young age and nodal
positive status) and patients request.

Tumor board (TB)

The control group of this trial was represented by a tumor
board decision with knowledge of EndoPredict® test results.
The board consisted of gynecological oncologists, internal
medicine oncologists, radiologists, radiation therapists,
pathologists as well as psycho-oncologists and breast care
nurses. A decision for or against an adjuvant chemotherapy
was anonymous for all 79 cases. The experience level within
this tumor board varied across all tested subgroups. In case
of low-risk EndoPredict® scores, chemotherapy was not rec-
ommended, whereas high-risk EndoPredict® scores led to
a recommendation for adjuvant chemotherapy. The cut-off
value for or against chemotherapy was 5. The low-risk group
was defined as an EP score between 0 and 5, whereas the
high-risk group was defined as an EP score > 5 and < 15
[13]. The recommendation of the tumor board depended on
the EndoPredict® results. There were no deviations.

Test groups

The baseline was compared to treatment decisions (adju-
vant chemotherapy “yes” vs “no”’) made by gynecological
oncologists with different experience levels (EL) (less than
5 years, between 5 and 15 years, and more than 15 years)
who were not provided the EndoPredict® scores. All clini-
cians had access to clinical and histopathological data. This
resulted in three test groups including physicians with low
experience, medium experience and high experience. A sin-
gle test person was tested in each category requiring each of
them to evaluate all 79 cases. Patient cases were evaluated
anonymously. The aim was to obtain a recommendation, i.e.,
chemotherapy “yes” vs. “no”. Results were then compared
to the tumor board baseline. A subgroup analysis followed
evaluating these differences according to tumor size, nodal
status, Ki67 index, menopausal status, and tumor histology.

Statistics

Statistical analysis was performed using the VassarStats®
(Vassar College, Poughkeepsie, NY, USA) statistics pro-
gram. T test and Chi-square test were used to evaluate sig-
nificances when appropriate.
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Results

In total, 79 patients have been included into this analysis.
Median age was 58 (range 31-74). Main characteristics of
the patients are illustrated in Table 1.

According to this analysis, 40.5% of the patients were
pre- and 59.5% were postmenopausal, respectively. Most
patients (93.7%, n=74) were between 40 and 70 years,
whereas 2.5% were < 40 years and 3.8% were older than
70 years. In this analysis, T-stage was stratified into two
groups, < pT2 representing 58.2% of the study cohort ver-
sus > pT2 representing 41.8% of the study cohort. The
majority of patients (64.6%) were nodal negative, whereas
35.4% of patients had axillary lymph node metastases
(Table 2).

The Ki67 index was < 14% in 57.0% of all patients,
compared to 32.9% in the intermediate Ki67 index sub-
group. When analyzing the histological subtype of
patients, we found that 82.3% of all cases showed a “no
specified type”, 13.9% an “invasive lobular”, and 3.8% a
“mixed type”, respectively.

According to the official recommendation of the inter-
disciplinary tumor board 48.1% of the patients had an
indication for an adjuvant chemotherapy according to a
high-risk result in the EndoPredict® testing. Based on the

Table 1 Patients’ characteristics

test results, physicians with > 15 years and physicians
with 5-10 years of clinical experience recommended in
39.1% of all cases an adjuvant chemotherapy (p =0.268).
Physicians with < 5 years of clinical experience recom-
mended in 50.6% of all cases an adjuvant chemotherapy
(p=0.752).

Subgroup analysis, according to experiences of evaluating
physician, showed no statistical significant results. A trend
could be seen in the subgroup of nodal negative patients
between the treatment recommendation and physicians with
more than 15 years of experience (p =0.088) (see Fig. 1).

A further trend could be demonstrated in the subgroup of
patients with a low Ki67 index (< 14%) (p =0.063) between
physician with 5-10 years of clinical experience and official
treatment recommendation (see Fig. 2).

Discussion

In this retrospective analysis, we evaluated the impact of
EndoPredict® on treatment decisions and potential overtreat-
ment dependent from clinical experience. As reported in
the previous works we find that the use of gene expression
assays generally reduces the recommendation for adjuvant
chemotherapy [14, 15].

Number of patients % Number of patients %
Cohort Hormone-receptor status
Gender (f) 79 100.0 Median ER IRS 12 (2-12) -
Median age (range) 58 (31-74) - Receptor
Premenopausal 32 40.5 Median PR IRS 9 (0-12) -
Histology HER2-expression
NST 65 823
Invasive lobular 11 13.9 0 43 54.4
Mixed type 3 3.8 1+ 33 41.8
Lymph node status pNO 51 64.6 2+ 3 3.8
Lymphangiosis LO 51 65.4 Side
Resection RO 71 922 Left 46 58.2
Right 30 38.0
Ki67 (%) Bilateral 3 3.8
<14 45 57.0 Stage
> 14 26 329 pTla 0 0.0
>25 8 10.1 pTlb 6 7.6
pTlc 40 50.6
Grading pT2 32 40.5
Gl 4 5.1 pT3 0 0.0
G2 72 91.1 NA 1 1.3
G3 2 25
NA 1 1.3
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Table 2 Comparison of therapy decisions between control group and different levels of clinical experience

Tumorboard > 15 years of experience 5-15 years of experience < 5 years of expericence
Yes Yes p-value Yes p-value Yes p-value
Number % Number % Number % Number %
of patients of patients of patients of patients
Age
Total (n="79) % 38 48.1 31 39.2  0.268 31 39.2  0.268 40 50.6 0.752
< 40 years (n=2) 25 2 100.0 1 50.0 N/A 2 100.0 N/A 2 100.0 N/A
40-70 years (n="74) 93.7 35 473 29 39.2 032 28 37.8 0.245 36 48.6 0.863
> 70 years (n=3) 38 1 333 1 333 N/A 1 333 N/A 2 66.7 N/A
Size
<pT2 (n=46) 582 20 435 14 304 0.195 19 413 0.842 26 56.5 021
> pT2 (n=33) 418 17 515 16 48.5 0.807 11 333 0.135 13 394 0322
Nodal status
pNO (n=51) 64.6 20 392 12 235 0.088 14 27.5 0.207 20 392 1
pN1 (n=28) 354 18 643 19 67.9 0.777 17 60.7 0.777 20 714 0.566
Ki 67
< 14% (n=45) 570 17 37.8 12 26.7 0.26 9 20.0 0.063 14 31.1 0.507
> 14% (n=26) 329 16 615 13 50.0 0.403 14 53.8 0.572 19 73.1 0374
>25% (n=8) 10.1 5 625 6 75.0 0.59 8 100.0  0.055 7 87.5 0.249
Menopause
Pre (n=32) 40.5 18 563 15 46.9 0.454 13 40.6 0.212 15 46.9 0.454
Post (n=47) 59.5 20 42.6 16 34.0 0.396 18 38.3 0.671 25 532 0.301
Histology
NST (n=65) 823 33 50.8 26 40.0 0.218 26 40.0 0.218 32 49.2  0.863
Invasive lobular (n=11) 13.9 4 364 4 364 1 5 45.5 0.663 7 63.6 0.20
Mixed type (n=3) 38 1 333 1 333 N/A 0.0 N/A 1 333 N/A
Fig.1 Comparison of tumor
board decision and decision of pN 0 p=1.000
physicians with different levels 45.0%
of experience in nodal negative o o
patients 40.0% 39:2% 39:2%
p=0.207
35.0%
30.0% p=0.088 27.5%
25.0% 23.5%
20.0%
15.0%
10.0%
5.0%
0.0%
Tumorboard decision EL >15 years EL 5-15 years EL <5 years

The EndoPredict® test is able to predict both late metas-
tasis and local recurrence in hormone receptor-positive
breast cancer [6, 16, 17]. Furthermore, Martin et al.
showed that EndoPredict® was prognostic in premeno-
pausal patients (HR 6.7, 95% CI 2.4-18.3; p =0.0002)
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and postmenopausal patients (HR 3.3, 95% CI 1.3-8.5;

p=0.0

109) [18].

Although the results were not significant in the current
analysis, we could show a decrease of chemotherapy indi-
cation for therapy independent from experience level of
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Fig.2 Comparison of TB deci-
sion and decision of physicians
with different levels of experi-
ence in patients with Ki67 index
< 14%

40.0% 37-8%

35.0%
30.0%
25.0%
20.0%
15.0%
10.0%

5.0%

0.0%

Tumorboard decision

physician (p =n.s.). Especially , physicians with less clini-
cal experience could profit from the use of EndoPredict®.

A previously published work examining the impact
of OncotypeDx® showed that inexperience led to a sig-
nificant increase in recommendations for chemotherapy,
with those made by the tumor board being least frequent
(41.6% vs. < 5 years=55.6%, 5-15 years =50.4%, and
> 15 years =42.5%; p < 0.05) [19]. Missing significance in
the current analysis can be explained by the limited number
of patients in the study cohort.

Ettl et al. reported that the EPclin test resulted in a change
in therapy recommendation in 41% of the cohort. In 38% of
their cohort, chemotherapy could be avoided, in 20 patients
(5%), chemotherapy had to be added [6]. In clinical routine,
it seems that overtreatment of patients is the main problem
that obviously can be avoided with the use of gene expres-
sion tests. Interestingly, in our study, undertreatment in
nodal negative patients and patients with a low Ki67 index
could also be avoided. Nodal negative patients as well as
patients with a low Ki67 index seem to appear as low-risk
patients, so that especially, experienced oncologists tend to
avoid recommending chemotherapy. However, node-nega-
tive (NO) breast carcinomas are heterogeneous diseases with
different potentials to metastasize [20].

Even patients with node-negative, estrogen receptor nega-
tive, grade 1 tumors may have a high relapse rate of almost
20% over 10 years [21]. In addition, it is reported that the
relapse rate is higher in patients with grade 2/3 tumors [21].
Furthermore, it is known that the Ki67 index has a prognos-
tic impact on disease-free survival in patients with hormone
receptor-positive and HER2neu-negative tumors. Though, it
has to be stressed that strict cut-off value was not suitable for
distinguishing between high- and low-risk patients and their
response to adjuvant chemotherapy in previously published
studies [22, 23].

Ki67- Index <14 %

p=0.507
p=0.260 31.1%
26.79
& p=0.063
20.0%
EL >15 years EL 5-15 years EL <5 years

The small study cohort of 79 patients has to be considered
as a limitation. Though trends could be shown statistically,
indicating that an increased number of patients could lead
to statistically significant results.

Conclusion

Inexperienced physicians may profit from the use of
EndoPredict® to avoid overtreatment. In nodal negative
patients and patients with a low Ki67 index, undertreatment
can be avoided with the use of EndoPredict® (borderline
significance). Further prospective studies with large study
cohorts are needed to further validate this tool.
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