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ABSTRACT

Introduction
The receptor activator of nuclear factor-κB (RANK) pathway
was associated with the pathogenesis of breast cancer. Sev-
eral studies attempted to link the RANK/RANKL pathway to
prognosis; however, with inconsistent outcomes. We aimed
to further contribute to the knowledge about RANK/RANKL
as prognostic factors in breast cancer. Within this study,
protein expression of RANK and its ligand, RANKL, in the
tumor tissue was analyzed in association with disease-free
survival (DFS) and overall survival (OS) in a study cohort of
patients with early breast cancer.
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Patients and Methods
607 samples of female primary and early breast cancer pa-
tients from the Bavarian Breast Cancer Cases and Controls
Study were analyzed to correlate the RANK and RANKL ex-
pression with DFS and OS. Therefore, expression was quanti-
fied using immunohistochemical staining of a tissue micro-
array. H-scores were determined with the cut-off value of
8.5 for RANK and 0 for RANKL expression, respectively.

Results
RANK and RANKL immunohistochemistry were assessed by
H-score. Both biomarkers did not correlate (ρ = − 0.04). Ac-
cording to molecular subtypes, triple-negative tumors and
HER2-positive tumors showed a higher number of RANK-
positive tumors (H-score ≥ 8.5), however, no subtype-spe-
cific expression of RANKL could be detected. Higher RANKL
expression tended to correlate with a better prognosis.
However, RANK and RANKL expression could not be identi-
fied as statistically significant prognostic factors within the
study cohort.

Conclusions
Tumor-specific RANK and RANKL expressions are not appli-
cable as prognostic factors for DFS and OS, but might be
associated with subtype-specific breast cancer progression.

ZUSAMMENFASSUNG

Einleitung
Es gibt eine Verbindung zwischen dem Rezeptor-Aktivator
des Nuklearfaktor-κB-(RANK-)Signalwegs und der Pathoge-
nese von Brustkrebs. Mehrere Studien haben versucht, eine
Assoziation zwischen dem RANK-/RANKL-Signalweg und der
Krankheitsprognose herzustellen, aber die bisher erzielten
Ergebnisse sind uneinheitlich. Ziel dieser Arbeit war es, wei-
tere Kenntnisse zur Expression von RANK/RANKL als prog-

nostischer Faktor beim Mammakarzinom zu sammeln. Dazu
wurde die Proteinexpression von RANK und seines Liganden,
RANKL, im Tumorgewebe einer Studienpopulation von
Patientinnen mit frühem Brustkrebs analysiert und auf eine
Assoziation mit dem krankheitsfreien Überleben (DFS) und
Gesamtüberleben (OS) geprüft.

Patientinnen und Methoden
Analysiert wurden 607 Proben, die Patientinnen mit Primär-
tumoren und frühem Brustkrebs in einer bayerischen Brust-
krebs-Fall-Kontroll-Studie entnommen wurden. Es wurde
geprüft, ob es eine Korrelation zwischen RANK- und RANKL-
Expression und DFS and OS gibt. Zur Quantifizierung der
Expression wurden Tissue-Micro-Arrays einer immunhisto-
chemischen Färbung unterzogen. Die H-Scores wurden be-
stimmt. Der jeweilige Cut-off-Wert war 8,5 für RANK- bzw.
0 für RANKL-Expression.

Ergebnisse
RANK- und RANKL-Immunhistochemie wurden mithilfe des
H-Scores beurteilt. Es gab für keinen der 2 Biomarker eine
Korrelation (ρ = − 0,04). Bei den Subtypen tripelnegativer
Tumor und HER2-positiver Tumor fand sich eine höhere An-
zahl RANK-positiver Tumoren (H-Score ≥ 8,5), aber es war
keine subtypspezifische RANKL-Expression nachzuweisen.
Eine höhere RANKL-Expression korrelierte tendenziell mit
einer besseren Prognose. RANK- und RANKL-Expression wa-
ren aber in dieser Patientinnenpopulation nicht statistisch
signifikante prognostische Faktoren.

Schlussfolgerungen
Die tumorspezifische RANK- und RANKL-Expression eignet
sich nicht als prognostischer Faktor für DFS und OS, könnte
aber mit der Krankheitsprogression bestimmter Brustkrebs-
Subtypen assoziiert sein.

Introduction

The receptor activator of nuclear factor-κB (RANK) pathway has
been identified as the main regulatory mechanism of bone metab-
olism and physiology [1, 2]. Additionally RANK and its ligand,
RANKL, have been linked to mammary gland development and
the pathogenesis of breast cancer [3, 4, 5, 6]. The RANK pathway
has been further connected with the BRCA1-associated pathogen-
esis of breast cancer [7, 8] and with checkpoint inhibition for the
treatment of cancer cells [9]. Therefore, the RANK pathway is a
target of many current therapeutic developments.

Since the development of denosumab, a human monoclonal
anti-RANKL antibody, there is an increasing interest to investigate
the RANK/RANKL and osteoprotegerin pathway and their inter-
play. Denosumab was initially approved for the treatment of os-
teoporosis, but is also used for the prevention of bone metastases

and skeletal-related events in cancer patients in various studies
[10, 11]. Recently, denosumab was tested in two large ran-
domized trials investigating, whether treatment of early breast
cancer patients with denosumab would result in an improved
prognosis [12, 13, 14]. The ABCSG-18 study (NCT00556374) in-
cluded postmenopausal patients with early hormone receptor-
positive breast cancer. In this trial, the denosumab treatment was
planned for five years with administration every six months. Dis-
ease-free survival (DFS) was one of the secondary objectives. Pa-
tients treated with denosumab had a higher probability of remain-
ing disease-free (hazard ratio: 0.82 [95% CI: 0.69–0.98]) [13]. The
other study (D-CARE, NCT01077154) included patients from all
molecular subtypes with a high risk of recurrence. The primary
endpoint was bone metastasis-free survival (BMFS) and DFS was
one of the secondary endpoints. Neither BMFS (hazard ratio: 0.97;
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95% CI 0.82–1.14) nor DFS (hazard ratio: 1.04; 95% CI: 0.91–1.19)
was different between both randomization arms [14]. Subgroup
analyses showed no association between menopausal status or
hormone receptor status and denosumab treatment [14].

Although several studies have been published that try to link
prognosis with the RANK pathway [15, 16, 17, 18, 19, 20], studies
have been inconsistent with some not showing a prognostic ef-
fect. This could be linked to non-independent prognostic informa-
tion parameters [19]. Differences in RANK-related prognosis could
be due to an association of RANK expression with basal-like and
triple-negative breast cancers (TNBCs) [15, 19]. Another study re-
ported a protective effect of RANKL on prognosis, with low RANKL
mRNA expression being associated with increased risk for relapse
and bone metastases; however, again this was not statistically sig-
nificant in multivariate analysis [20].

Therefore, the aim of this study was to investigate RANK and
RANKL as prognostic factors in breast cancer. The primary study
aim was to characterize RANK and RANKL expression in – to our
knowledge – largest consecutive cohort of breast cancer patients
and determine if there is a correlation with DFS. A secondary study
aim is to determine if there is an association with overall survival
(OS).

Patients and Methods

Patients
The Bavarian Breast Cancer Cases and Controls (BBCC) study is a
case–control study aimed at investigating molecular and epide-
miological breast cancer risk, prognostic, and predictive factors
[17, 21, 22, 23, 24, 25, 26]. Patients were eligible if they were at
least 18 years of age and had been diagnosed with invasive breast
cancer. From 2002–2007, a total of 1538 patients were included
in the study (▶ Fig. 1). Primary tumors were available from 894 of
these patients for the construction of a tissue microarray (TMA)
with 0.8 mm per dot. For this analysis, patient groups were ex-
cluded in the following hierarchical order: male patients (n = 2),
patients with metastases at initial diagnosis (cM1, n = 50), insuffi-
cient survival time (n = 2), bilateral breast cancer at initial diagno-
sis (n = 51), missing RANK (n = 57) or RANKL assessment
(n = 125). Therefore, the final sample size was 607. The ethics
committee of the Medical Faculty of Erlangen University Hospital
approved the study, and all patients provided written informed
consent.

Data collection
Data collection has been described in detail elsewhere [27, 28]. In
brief, all clinical and histopathological data were documented pro-
spectively in an annually audited database. In addition, treatment
procedures are audited annually as well, requiring treatment ac-
cordance with the German guidelines for more than 95% of the
patients. Follow-up information regarding local recurrences, dis-
tant metastases, and death were provided for a minimum of
10 years after the initial diagnosis.

Tissue analysis
The core biopsies were formalin-fixed, paraffin-embedded (FFPE).
The tumor areas were marked on a hematoxylin-and-eosin (H & E)
stained slide by an experienced pathologist. For constructing
tissue microarrays (TMAs) cylindric tissue core biopsies (0.8mm
per core) of several sample donor blocks were re-embedded into a
single microarray block at defined coordinates. The TMA was
stained with anti-human RANK (N-1 H8; Amgen) or RANKL (M366;
Amgen) mouse monoclonal antibodies or isotype-matched con-
trol mouse IgG as previously described [29]. Specificities of the
RANK and RANKL antibodies have been reported before [30]. We
scored the RANKL and RANK expression within the primary tumors
individually, according to the semi-quantitative histochemical
score (H-score) [31]. Immunohistochemical interpretation was
performed by an experienced pathologist blinded to any sample
identification. The percentage of RANKL positive tumor cells was
multiplied by staining intensity: 0, negative; 1+, weak; 2+, moder-
ate; and 3+, strong). The H-score was defined as the sum of all
calculated tumor cell percentage/intensity products per TMA dot
and ranged from 0 to 300. In this context, 300 represents 100% of
cells having a strong staining intensity. The cohort was analyzed
according to the previously published RANK cut-off H‑scores of
≥ 8.5 as optimal DFS and OS [19]. This cut-off has been defined
using an automated cut-off finder and showed significant associa-
tion with pathological complete response, DFS and OS [19]. For
RANKL a cut-off H-score of > 0 was used.

Molecular subtypes were defined as described earlier [32]. Data
on tumor type, tumor grade, estrogen receptor (ER), progester-
one receptor (PR), and HER2 status were received from the routine
pathology reports. If the patient had an overexpression of HER2 of
3+ as assessed by immunohistochemistry or showed amplification
of the HER2 gene by fluorescence in situ hybridization, they were
considered as HER2 positive. If they were HER2 negative and did
not show an expression of estrogen receptor (ER) and progester-
one receptor (PR), they were considered as triple negative. In case
they were HER2 negative and showed an expression of either ER or
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1538 patients were included in the Bavarian Breast

Cancer Cases and Controls study between 2002 and 2007

From patients primary tumors available894 were

287 patients were excluded from the final analysis due to

Male (n = 2)

Metastases at initial diagnosis (n 50)=

Insufficient survival time (n 2)=

Bilateral breast cancer at initial diagnosis (n 51)=

Missing RANK assessment (n 57)=

Missing RANKL assessment (n 125)=

607 patients were included in the final analysis

▶ Fig. 1 Patient flowchart.



PR they were further divided into luminal A like (tumor grade of
1 or 2) and luminal B like (tumor grade of 3).

Statistical considerations
DFS was defined as the time from the date of primary diagnosis to
the earliest date of disease progression (distant metastasis, local
recurrence, death from any cause) or the date of censoring. Pa-
tients who were lost to follow-up before the maximal observation
time of 10 years or were disease-free after the maximal observa-
tion time were censored at the last date they were known to be
disease-free or at the maximal observation time. OS was defined
in a similar fashion.

The primary objective was to investigate whether the bio-
markers RANK and RANKL have prognostic value in addition to
well-known prognostic patient and tumor characteristics. A multi-
variable Cox regression model (basic model) was fitted with DFS
and OS, respectively, as outcome and the following predictors:
age at diagnosis (continuous), body mass index (continuous), tu-
mor stage (ordinal, T1 to T4), lymph node status (categorical; N0,
N1) and molecular class (categorical; TNBC, luminal A like, luminal
B like, HER2). Detailed information for the factor molecular class
can be found elsewhere [32]. The proportional hazards assump-
tions were checked for both outcomes, using the method of
Grambsch and Therneau [33]. Where the proportional hazards as-
sumption was violated, stratification for the according predictors
was implemented in the models. Based on the results, the DFS
model was stratified by lymph node status whereas the OS model
was stratified by molecular class.

Subsequently, an additional Cox regression model (biomarker
model) was fitted containing the biomarkers RANK (categorical;
“low”, < 8.5; “high”, ≥ 8.5; [19]) and RANKL (categorical; “low”,
= 0; “high”, > 0) and the predictors of the basic model. The bio-
marker model was compared with the basic model using a likeli-
hood ratio test (LRT). A significant P value would indicate that bio-
marker information improves survival prognosis additionally to the
considered prognostic factors. Adjusted hazard ratios (HRs) for
RANK and RANKL were estimated using the biomarker model.
Subjects with missing survival information and missing values in
the biomarkers of interest (RANK and RANKL) were excluded from
analysis. Missing values in other predictors were imputed as done
in Salmen et al. [34].

As sensitivity analyses, unadjusted HRs were estimated using
univariable Cox regression models for the biomarkers RANK and
RANKL separately. Survival rates were estimated using the Kaplan-
Meier product limit method. Furthermore, Spearman’s correlation
coefficient ρ between RANK and RANKL was calculated to assess
the monotonic relationship between RANK and RANKL H-scores.

Molecular subtypes (TNBC, luminal A like, luminal B like, HER2
positive) were compared with regard to the binary variables RANK
and RANKL, respectively, using the χ2 test. All of the tests were
two-sided, and p < 0.05 was regarded as statistically significant.
Calculations were carried out using the R system for statistical
computing (version 3.4.0; R Development Core Team, Vienna,
Austria, 2017).

▶Table 1 Baseline characteristics of study population. Mean
(standard deviation, SD) or median (interquartile range, IQR) where
appropriate are shown for continuous characteristics and frequency
(percentage) for categorical characteristics.

Characteristic

Age at diagnosis (years) Mean (SD) 57.5 (12.4)

BMI Median (IQR) 25.3 (22.65–28.58)

Lymph node status
N0 352 (58.0)

N1 255 (42.0)

Tumor stage

T1 324 (53.4)

T2 226 (37.2)

T3   29 (4.8)

T4   28 (4.6)

Molecular class

TNBC   86 (14.2)

Luminal A 226 (37.2)

Luminal B 224 (36.9)

HER2   71 (11.7)

RANK H-score Median (IQR)    0 (0–10)

RANK H-score
< 8.5 444 (73.1)

≥ 8.5 163 (26.9)

RANKL H-score Median (IQR)    0 (0–0)

RANKL H-score

0 540 (89.0)

> 0   67 (11.0)

Abbreviations: BMI = body mass index; SD = standard deviation;
IQR = interquartile range; TNBC = triple-negative breast cancer

Results

The total patient population for the analysis was 607 patients with
primary and early breast cancer. Mean age was 57.5 (± 12.4) years
and most patients had a tumor size of pT1 (n = 324; 53.4%). With
regard to the molecular subtype most patients were either luminal
A like (n = 226; 37.2%) or luminal B like (n = 224; 36.9%). All pa-
tient and tumor characteristics are presented in ▶ Table 1.

RANK and RANKL immunohistochemistry were assessed by
H-score. Both biomarkers did not correlate (ρ = − 0.04, ▶ Fig. 2a).
Their distribution is shown in ▶ Fig. 2b and ▶ Fig. 2c. Most tu-
mors did not have a RANK or RANKL expression at all. An H-score
over 0 was seen in 205 patients (33.8%) for RANK and in 67 pa-
tients (11.0%) for RANKL. With the previously published cut-off of
8.5 for RANK we saw 163 patients (26.9%) above that cut-off.

With regard to the distribution of RANK and RANKL H-scores
according to molecular subtypes, there was a higher frequency of
tumors with a RANK H-score ≥ 8.5 in TNBC (52.8%) and in HER2
positive tumors (40.8%), while these figures were 17.0% and
22.2% in patients with luminal A like and luminal B like tumors, re-
spectively. For RANKL no statistically significant differences could
be found across the molecular subtypes (▶ Table 2, Supplemen-
tary Fig. S1, online).
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With regard to prognosis, the addition of biomarkers RANK
and RANKL to established prognostic factors did not significantly
improve the prediction of DFS (p = 0.55, likelihood ratio test, LRT).
The DFS hazard ratio for RANK expression ≥ 8.5 vs. expression
< 8.5 in the multivariable model was 1.11 (95% CI: 0.78–1.59),
while the hazard ratio for RANKL was 0.77 (95% CI: 0.44–1.37) for
patients with an expression > 0 vs. those without expression. Un-
adjusted analyses yielded similar results (▶ Table 3). Kaplan-Meier
curves for DFS are presented in ▶ Fig. 3a and ▶ Fig. 3b.

With regard to OS, RANK and RANKL did not significantly im-
prove prediction of OS when considered with established prognos-
tic factors (p = 0.28, LRT, ▶ Table 3). The OS hazard ratio for RANK
expression ≥ 8.5 vs. expression < 8.5 in the multivariable model
was 1.02 (95% CI: 0.67–1.55), while the hazard ratio for RANKL
was 0.56 (95% CI: 0.26–1.21) for patients with an expression > 0
vs. those without expression. Unadjusted analyses yielded similar
results for the biomarker RANK (▶ Table 3). For RANKL; however,
the unadjusted HR was 0.45 (95% CI: 0.21–0.96, p = 0.04,
▶ Table 3). Kaplan-Meier curves for OS are presented in ▶ Fig. 3c
and ▶ Fig. 3d.

Discussion

In this retrospective cohort study, we did not show a clear prog-
nostic effect of RANK or RANKL expression assessed by immuno-
histochemistry in the primary tumor on DFS or OS. However, there
seemed to be a trend that RANKL expression might be associated
with a more favorable prognosis for OS. RANK was expressed more
frequently in triple negative and HER2 positive tumors in our
cohort, while RANKL expression did not differ across molecular
subtypes.

Similar to our results, it was shown elsewhere that neither
RANK nor RANKL expression in young breast cancer patients was
associated with DFS after a 65 month follow-up [35]. However,
they found a correlation between high RANKL expression in the
primary tissue and expression of genes involved in pathways re-
lated to the mammary gland development, bone resorption, T-cell
proliferation and the regulation of chemotaxis [35]. A study similar
to ours with a similar sample size showed a comparable result with
regard to positively assessed tumors [19]. In this study 27% of all
tumors showed a RANK H-score ≥ 8.5, while our study had a posi-
tivity rate of 26.9%. With regard to RANKL they reported positive
tumors in 6% of the cases, while we had H-scores over 0 in 11% of
all patients. Similar to our study, a higher frequency of high RANK
expression was seen in TNBC patients [19, 35] and in patients with
HER2 positive tumors [19]. Concerning prognosis, the previous
study showed a significant effect of high RANK expression on
prognosis in the univariate analysis which was not maintained in a
multivariable model.

More recently, in a third, smaller study with a cohort of
87 TNBC patients analyzed in a comparable manner to our study,
a worse relapse-free and OS rate was shown in correlation with
high RANK and RANKL levels in TNBC patients [36]. Most likely
these described effects are attributable to the association of RANK
expression with triple negativity.
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▶Table 2 Comparing the expression of RANK and RANKL H-scores (binary) over the molecular classes.

Molecular Class

P
TNBC Luminal A Luminal B HER2 positive

RANK H-Score < 8.5 42 (47.2) 195 (83) 165 (77.8) 42 (59.2)
< 0.0001

RANK H-Score ≥ 8.5 47 (52.8)  40 (17)  47 (22.2) 29 (40.8)

RANKL H-Score ≤ 0 80 (89.9) 215 (91.5) 180 (84.9) 65 (91.5)

 0.130RANKL H-Score > 0  9 (10.1)  20 (8.5)  32 (15.1)  6 (8.5)
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▶Table 3 Unadjusted and adjusted hazard ratios for RANK H-score and RANKL H-score for the outcomes DFS and OS.

Outcome Biomarker Unadjusted HR
(95% CI)

P value Adjusted* HR
(95% CI)

P value

DFS RANK 1.08 (0.77,1.52) 0.64 1.11 (0.78,1.59) 0.56

RANKL 0.64 (0.36,1.12) 0.12 0.77 (0.44,1.37) 0.38

OS RANK 1.03 (0.69,1.54) 0.92 1.02 (0.67,1.55) 0.93

RANKL 0.45 (0.21,0.96) 0.04 0.56 (0.26,1.21) 0.14

CI = confidence interval
* HRs Hazard ratios are adjusted for age at diagnosis, BMI, tumor stage, lymph node status, molecular class, RANK H-score, RANKL H-score

Different from the second and the third described study we saw a
trend of patients with RANKL expression having a better prognosis
than patients with no RANKL expression. Further a similar result
was published with a study that analyzed RANK and RANKL with
quantitative PCR of mRNA [20]. In that study with 814 patients,
expression levels were dichotomized at the mean expression level
and patients with a high RANKL expression had a better DFS, OS
and bone metastasis free survival in the univariate analysis [20].
Similar to our study this effect was not maintained after adjust-
ment for other prognostic factors, indicating that the effect might
have been caused by confounding effects; however, neither of the
above studies nor our study found an association between RANKL
expression and tumor or patient characteristics [19, 20]. In con-
trast to our study, analyses evaluating serum instead of tumor-
specific expression levels of RANK/RANKL, revealed an association
of high RANKL, progesterone and soluble decoy receptor osteo-
protegerin (OPG) serum levels with increased risk for development
and/or progression of breast cancer [37, 38, 39]. However, it still
needs to be investigated whether serum levels of RANK and
RANKL or even levels of OPG have an impact on breast cancer
prognosis regardless of other well described prognostic factors.

The present study has a number of limitations. First, the cohort
analyzed was a retrospective group of breast cancer patients with
heterogeneous treatments, although they were treated in accor-
dance with established therapy guidelines. In addition, the number
of cases with a TNBC subtype was quite low compared to luminal
A and luminal B like breast cancer types and thus, a subtype-spe-
cific analysis was not reasonable. Nevertheless, our observations
regarding the prognostic value of RANK and RANKL – even when
not significant – showed the expected effect direction.

Conclusion

With this retrospective cohort study investigating the prognostic
impact of RANK and RANKL on DFS and OS by immunohistochem-
istry of the primary tumor, we further contribute to the knowledge
of RANK and RANKL as prognostic factors in breast cancer.

In summary, we could confirm that RANK and RANKL tumor
expression does not have a significant effect on OS or DFS after
adjustment for other prognostic factors in our cohort of primary

breast cancer cases, even though a trend for better OS and DFS
for patients with present RANKL expression could be observed.

Supplementary Material

Supplementary Fig. S1: Comparing the expression of RANK and
RANKL H-scores (binary) over the molecular classes.
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