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Abstract

Background: An important component of the RAS signalling pathway, the RAS p21 oncogene, is frequently
hyperactivated in breast cancer. Its expression in tumor tissue has been linked to poor clinical outcome. This
study was designed to evaluate the clinical relevance of RAS p21 levels in peripheral blood in a large cohort of
metastatic breast cancer patients.

Methods: Two hundred fifty-one patients with metastatic breast cancer were enrolled in this prospective, multicentre,
open-label, non-randomized study. Blood samples were collected before start of first-line or later-line treatment. RAS p21
was determined using a sandwich-type ELISA immunoassay. For the determination of the cutoff, blood samples from
age-matched healthy controls were analyzed. A value above 452 pg/ml was regarded as elevated (mean + 2 x SD). In
the univariate survival analysis, two other cutoffs were considered as well (50th and 75th percentile of patients, i.e.
229 pg/ml and 320 pg/ml). Circulating tumor cells (CTCs) were detected using the CellSearch system.

Results: 29 of 251 (12%) patients had RAS p21 levels above the cut-off level of 452 pg/ml. Clinical-pathological parameters,
such as hormone receptor and HER2 status, line of therapy and CTC status, did not correlate with RAS p21 levels. Elevated
RAS p21 was significantly associated with shorter progression-free and overall survival in the univariate analysis (median
PFS: 3.9 months [95%-CI: 1.8–6.0] for patients with elevated RAS p21 levels versus 8.5 months [95%-CI: 7.4–9.5]
with non-elevated levels [p = 0.01]; median OS: 7.1 months [95%-CI: 0.3–14.2] versus not reached [p = 0.002],
respectively). When RAS p21 cutoffs other than 452 pg/ml were considered, elevated RAS p21 was significantly
associated with OS but not with PFS. Classical clinical-pathological factors were included into a multivariate Cox
regression analysis. In addition, factors previously shown to influence survival in a univariate analysis, such as
serum HER2, CAIX and TIMP1, were included as well. In the multivariate analysis, RAS p21, presence of ≥5 CTCs
per 7.5 ml blood, higher grading and higher line of therapy remained independent predictors of shorter OS.

Conclusions: Metastatic breast cancer patients with elevated levels of circulating RAS p21 have significantly
worse clinical outcome. Hypothetically, these patients might benefit from therapeutic strategies targeting RAS
pathway.

Trial registration: Current Controlled Trials ISRCTN59722891 (DETECT); trial registration date: April, 17th 2010; the
trial was registered retrospectively.
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Background
In the past decades, the role of oncogenes and tumor-
suppressor genes in the development and progression of
breast cancer has attracted considerable research interest.
One of the oncogenes influencing cellular signal transduc-
tion and controlling such processes as cell differentiation,
migration, adhesion and apoptosis, is the RAS family,
including three proto-oncogenes: H-Ras, K-Ras, and N-Ras.
Oncogenic RAS mutations occur in nearly one-third of all
tumor types, making the RAS pathway one of the most
commonly deregulated pathways in human carcinoma [1].
Beyond mutations in the RAS genes, upstream regulators
and downstream effectors are also able to influence and
interact with the pathway.
While RAS mutations are very common in such tumor

entities as pancreatic adenocarcinoma, colon cancer,
melanoma and leukemia, their prevalence in breast
cancer is low [2–5]. According to the current evidence,
RAS is mutated in only 1–3% of all malignant breast
lesions [6, 7]. Despite gene mutations being a relatively
rare event, the RAS pathway is hyperactivated in more
than 50% of breast tumors [8–10] and down-regulation of
tumor suppressors, such as RasGAP, has been linked to a
more aggressive behavior of the disease [11, 12].
Within the RAS gene family, the biological significance

of a group of closely related proteins with a special affinity
for guanine nucleotides has been the subject of intense
research activity. These membrane-associated, nucleotide-
binding proteins are referred to as RAS p21, based on their
molecular weight of 21,000 Da, and become oncogenic
when mutated or overexpressed. RAS p21 levels may be
measured in the tumor tissue and, when released from the
tumor, in peripheral blood [13, 14]. Data on the prognostic
relevance of RAS p21 in breast cancer have yielded con-
flicting results, with some studies reporting an association
between elevated RAS p21 in tumor tissue and poor
clinical outcome, while others found no such link [15–17].
With regard to circulating RAS p21, several studies
reported significantly higher RAS p21 levels in blood
samples of cancer patients than in healthy controls, one
of them specifically focusing on breast cancer [14, 18].
However, the impact on survival in breast cancer patients
has not been investigated so far.
The aim of the present study was (1) to evaluate the

clinical relevance of RAS p21 levels and (2) to compare
it to the established biomarker, the circulating tumor
cells (CTCs), in patients with metastatic breast cancer.

Methods
Two hundred fifty-one metastatic breast cancer patients
from nine German Breast Cancer Centres were enrolled in
this prospective, multicentre, open-label, non-randomized
study. Blood was drawn before the start of a new line of
therapy. Further inclusion criteria were: age 18 years and

older, and first diagnosis of metastatic disease or disease
progression before start of a new treatment line. Patients
with a second primary malignancy (except in situ carcinoma
of the cervix or adequately treated cutaneous basal cell
carcinoma) were excluded. Blood samples were collected
before start of a new line of therapy chosen according to
national and institutional standards. Response to therapy
was evaluated by computed tomography every 12 weeks.
Informed consent was obtained from all individual par-
ticipants included in the study.

Quantitative analysis of RAS p21
RAS p21 was quantified by a commercially available
ELISA (Oncogene Science, formerly Siemens Medical
Solutions Diagnostics, now Nuclea Biotechnologies Inc.,
MA, USA) [19]. This sandwich-type immunoassay uses
a mouse monoclonal capture antibody and a biotinylated
mouse monoclonal antibody as detector. The capture
antibody has been immobilized on the interior surface of
the microtiter plate wells. After incubating the specimen in
the wells to allow binding of the antigen by the capture anti-
body, the immobilized antigen is exposed to the biotinylated
detector antibody. A streptavidin-HRP conjugate is then
added. Addition of substrate to the wells allows the catalysis
of a chromogen into a colored product, the intensity of
which is proportional to the amount of RAS p21 that is
bound to the plate. The absorbance of the colored product
in the standards and sample wells can be measured using a
microtiter plate reader. Currently, of the two monoclonal
antibodies used in our assay, only the detector antibody
is commercially available (currently as RAS10, catalog #
05–516, MilliporeSigma, Merck, Germany).
For the determination of the cutoff, blood samples

from 48 age-matched healthy controls were analyzed
(Table 1). The RAS p21 concentration was estimated
from the standard curve. A value above 452 pg/ml was
regarded as elevated (mean + 2 x SD) [20]. In the univariate
survival analysis, two other cutoffs were considered as well
(50th and 75th percentile of patients, i.e. 229 pg/ml and
320 pg/ml, respectively). Each sample, standard and control
were analyzed in duplicate. Inter-assay and intra-assay
coefficients of variation for serum assays were less
than 10%.

Table 1 Evaluation of RAS p21 in blood samples of healthy controls

Number of controls 48

Mean 200,88 pg/ml

Median 161,00 pg/ml

Range 58–646 pg/ml

Standard deviation 125,56 pg/ml

Mean + 2 SD 452 pg/ml
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Detection of other biomarkers
Circulating tumor cell (CTCs) were detected using the
CellSearch™ system (Veridex LLC, NJ, USA). Briefly, 7.
5 ml peripheral blood were collected into CellSave Tubes
and processed according to manufacturer’s instructions.
The assay consists of an immunomagnetic enrichment
step employing immunomagnetic beads coated with
anti-epithelial cell adhesion molecule (EpCAM) antibody,
followed by staining with several antibodies. A circulating
tumor cell is defined as a CD45-negative cytokeratin-
positive cell with a DAPI-stained nucleus. In the current
study, CTC-positive patients were defined as those with at
least five tumor cells per 7.5 ml blood with a demonstrated
prognostic relevance [21]. Serum HER2 was deter-
mined using a commercially available enzyme-linked
immunosorbent assay (ELISA) (Martell Diagnostic La-
boratories, Roseville, MN, USA; formerly Wilex Inc.,
Cambridge, MA, USA), as described previously [22].
This test is based on the quantitative measurement of
the extracellular domain of the HER2 protein and uses
one mouse monoclonal antibody to capture the extracel-
lular domain and another one to detect and quantify it. The
assay has been cleared by the Food & Drug Administration
(FDA) with the recommended cut-off of 15 ng/ml. Serum
TIMP1 and CAIX were quantified by commercially avail-
able ELISA (Oncogene Science, formerly Siemens Medical
Solutions Diagnostics, now Nuclea Biotechnologies Inc.,
MA, USA) [23].

Statistical analysis
Chi-squared test and Fisher’s exact test were used to
evaluate the relationship between RAS p21 detection
and clinical-pathological factors. In the survival analysis,
following primary end points were considered: 1) death
and 2) progression. Survival intervals were measured
from the time of blood sampling to the time of death or
of the first clinical, histological or radiographic diagnosis
of progression. We constructed Kaplan–Meier curves and
used the log-rank test to assess the univariate significance
of the parameters. Cox regression analysis was used for
multivariate analysis. All reported p-values are two-sided.
Statistical analysis was performed by SPSS, version 18
(SPSS Inc., Chicago, IL, USA). The analysis was performed
according to the REporting recommendations for
tumor MARKer prognostic studies (REMARK) criteria
on reporting of biomarkers [24] (Table 2). The primary
question was the prognostic impact of RAS p21 in the en-
tire patient cohort.

Results
Patients’ characteristics
Two hundred fifty-one patients diagnosed with metastatic
breast cancer were included into the analysis. Clinical-
pathological data are summarized in Table 3. The median

age of patients was 60 years. 70% of patients had ER-
positive tumors. HER2 was overexpressed by the
primary tumor and/or metastasis in 35% of patients.
Visceral metastases were present in 39% of patients,
bone metastases in 14%; 47% of patients had both visceral
and bone involvement. 79% of patients received chemo-
therapy, 21% endocine therapy and 22% trastuzumab
during the trial (Table 4). At least five CTCs per 7.5 ml of
peripheral blood were detected in 122 of 243 evaluable pa-
tients (50%). The distribution of patients is summarized in
a REMARK diagram (Fig. 1).

RAS p21 detection
29 of 251 (12%) patients had RAS p21 levels above the
cut-off level of 452 pg/ml. Clinical-pathological parame-
ters, such as hormone receptor and HER2 status, line of
therapy, extent of disease and grading, did not correlate
with RAS p21 levels (Table 3). The CTC status was not
associated with RAS p21 (p = 0.101).

Univariate survival analysis
During a median follow up of 19 months, 85 patients
died and 183 were diagnosed with progressive disease.
Median progression-free survival (PFS) was 3.9 months
(95%-CI: 1.8–6.0 months) for patients with elevated
RAS p21 levels versus 8.5 months (7.4–9.5 months)
with non-elevated levels (p = 0.01) (Fig. 2a). Median
overall survival (OS) was 7.1 months (0.3–14.2 months) in
patients with elevated RAS p21; median OS in patients with
non-elevated RAS p21 has not been reached (p = 0.002)
(Fig. 2b). As reported previously, the CTC status was
significantly associated with shorter PFS (p = 0.001) and OS
(p < 0.001). Patients with elevated RAS p21 and ≥ 5 CTCs
had median PFS of 4.6 months (2.4–6.8) and median OS of
7.0 months (5.3–8.6), whereas those with non-elevated
RASp21 and < 5 CTCs had PFS of 10.4 (8.7–12.2) months;
median OS was not reached (p < 0.001 for PFS and OS).
When RAS p21 cutoffs other than 452 pg/ml (mean + 2SD)
were considered, elevated RAS p21 was significantly associ-
ated with OS (p = 0.019 in case of 229 pg/ml; p = 0.003 in
case of 320 pg/ml), but not with PFS (p = 0.623 in case of
229 pg/ml; p = 0.153 in case of 320 pg/ml). When stratified
by tumor subtype, RAS p21 correlated significantly with
OS and PFS in HER2-positive patients (p < 0.001 for OS
and p = 0.001 for PFS, respectively). In patients with
hormone receptor positive HER2-negative tumors, we
found borderline significance for OS (p = 0.054) and no
significance for PFS (p = 0.517). In the subgroup of
patients with triple-negative breast cancer, no correlation
was found between survival and RAS p21 (p = 0.811 for
OS and p = 0.679 for PFS). When stratified by therapy
received during the study, RAS p21 was significantly asso-
ciated with OS in ER-positive patients receiving endocrine
therapy (p = 0.004) and in HER2-positive patients receiving

Banys-Paluchowski et al. BMC Cancer  (2018) 18:541 Page 3 of 11



trastuzumab (p = 0.009). The group of ER-positive patients
not receiving endocrine therapy was too small to perform
statistical analysis and none of the HER2-positive patients

not receiving trastuzumab had elevated RAS p21 levels.
With regard to PFS, the impact of RAS p21 remained
significant in the group of ER-positive patients receiving

Table 2 REMARK checklist

Item to be reported Page no.

INTRODUCTION

1 State the marker examined, the study objectives, and any pre-specified hypotheses. 5

MATERIALS AND METHODS

Patients

2 Describe the characteristics (e.g., disease stage or co-morbidities) of the study patients, including their source and inclusion and
exclusion criteria.

6

3 Describe treatments received and how chosen (e.g., randomized or rule-based). 6

Specimen characteristics

4 Describe type of biological material used (including control samples) and methods of preservation and storage. 6

Assay methods

5 Specify the assay method used and provide (or reference) a detailed protocol, including specific reagents or kits used, quality
control procedures, reproducibility assessments, quantitation methods, and scoring and reporting protocols. Specify whether
and how assays were performed blinded to the study endpoint.

6–7

Study design

6 State the method of case selection, including whether prospective or retrospective and whether stratification or matching (e.g., by
stage of disease or age) was used. Specify the time period from which cases were taken, the end of the follow-up period, and the median
follow-up time.

6

7 Precisely define all clinical endpoints examined. 7

8 List all candidate variables initially examined or considered for inclusion in models. 9

9 Give rationale for sample size; if the study was designed to detect a specified effect size, give the target power and effect size. 6

Statistical analysis methods

10 Specify all statistical methods, including details of any variable selection procedures and other model-building issues, how model
assumptions were verified, and how missing data were handled.

7

11 Clarify how marker values were handled in the analyses; if relevant, describe methods used for cutpoint determination. 6
Tab. 1

RESULTS

Data

12 Describe the flow of patients through the study, including the number of patients included in each stage of the analysis
(a diagram may be helpful) and reasons for dropout. Specifically, both overall and for each subgroup extensively examined
report the numbers of patients and the number of events.

8
Fig. 1

13 Report distributions of basic demographic characteristics (at least age and sex), standard (disease-specific) prognostic variables,
and tumor marker, including numbers of missing values.

8

Analysis and presentation

14 Show the relation of the marker to standard prognostic variables. 8–9
Tab. 2

15 Present univariable analyses showing the relation between the marker and outcome, with the estimated effect (e.g., hazard ratio
and survival probability). Preferably provide similar analyses for all other variables being analyzed. For the effect of a tumor marker
on a time-to-event outcome, a Kaplan-Meier plot is recommended.

8
Fig. 2a,b

16 For key multivariable analyses, report estimated effects (e.g., hazard ratio) with confidence intervals for the marker and, at least for
the final model, all other variables in the model.

9
Tab. 3

17 Among reported results, provide estimated effects with confidence intervals from an analysis in which the marker and standard
prognostic variables are included, regardless of their statistical significance.

8–9

18 If done, report results of further investigations, such as checking assumptions, sensitivity analyses, and internal validation.

DISCUSSION

19 Interpret the results in the context of the pre-specified hypotheses and other relevant studies; include a discussion of limitations
of the study.

10–13

20 Discuss implications for future research and clinical value. 10–13
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endocrine treatment (p = 0.009) and HER2-positive patients
receiving trastuzumab (p < 0.001).

Multivariate survival analysis
The variables for the multivariate Cox regression analysis
were identified via backward selection. Besides classical
prognostic factors, biomarkers previously shown to influ-
ence survival in a univariate analysis, such as serum HER2,
CAIX and TIMP1, were included in the multivariate model

(p-values in the univariate survival analyses were as
follows: serum HER2: 0.001 for OS and 0.077 for PFS;
CAIX: < 0.001 for both OS and PFS; TIMP1: < 0.001 for
both OS and PFS). After adjusting for these variables,
RAS p21, presence of ≥5 CTCs, higher grading and
higher line of therapy remained independent predictors
of shorter OS (Table 5). Negative ER status, higher line
of therapy and elevated CTC counts were independent
predictors of shorter PFS in the multivariate analysis.

Discussion
To our knowledge, this is the first study to address the
clinical relevance of circulating RAS p21 in a large group
of metastatic breast cancer patients. Using a cutoff
derived from a cohort of healthy controls, elevated RAS p21
levels were detected in 12% of patients and independently
predicted shorter overall survival.
The RAS proteins were some of the first proteins

identified able to regulate cellular growth [1]. Human
cancers frequently express activating mutations in the
RAS genes, which have been linked to several malignant
characteristics of tumor cells, such as deregulated prolifer-
ation, invasiveness and neo-angiogenesis, making the RAS
pathway an attractive target for new oncological strategies
[25]. Interestingly, breast cancer cells are able to activate
RAS signalling pathways by a variety of mechanisms,
although they generally lack RAS mutations [6]. Several
growth factor receptors, such as erbB-1/2, IGF-1 and ERα,
have been described to interfere with the pathway and
stimulate RAS proteins [1, 26]. The loss of tumor suppres-
sors of the RAS pathway has been recently shown to be
associated with a more aggressive phenotype [11]. Among
the proteins encoded by members of the RAS gene family,
a group of closely related proto-oncogenes with a molecular
weight of 21,000 Da is referred to as RAS p21. Localized
in the cytoplasmic surface of the cell membrane, these
molecules serve as transducers for signals involved in
cell proliferation.

Histopathological detection of tissue RAS p21
So far, most of the available data on RAS p21 in human
carcinoma are based on studies examining its detection
in tumor tissue. RAS p21 in the context of breast cancer
was first described in 1984, with Hand et al. demonstrating
that 90% of invasive ductal carcinomas show positive stain-
ing for RAS p21 [27], followed by reports on the expression
in primary and metastatic breast cancer [28, 29]. The
majority of studies assessed RAS p21 using a monoclonal
antibody Y13–259 and reported a stronger staining inten-
sity in malignant breast lesions than in the adjacent tissue
or in benign and inflammatory lesions, with the exception
of proliferating fibroadenoma and complex cystic disease,
which generally showed at least a weak staining [30, 31]. In
contrast, one group found positive staining in normal breast

Table 3 Patients’ characteristics

RAS p21

Total RAS p21 elevated
n (%)

p-value

Overall 251 29 (12%)

ER status 0.611

Negative 76 10 (13%)

Positive 174 19 (11%)

PR status 0.358

Negative 101 14 (14%)

Positive 149 15 (10%)

HER2 status 0.873

Negativea 143 18 (13%)

Positiveb 76 9 (12%)

Tumor subtype 0.728

Triple-negative 37 6 (16%)

HR-positive HER2-negative 106 12 (11%)

HER2-positive 76 9 (12%)

Metastatic site 0.482

Visceral 98 13 (13%)

Bone 35 2 (6%)

Both 118 14 (12%)

Extent of metastatic disease 0.768

One site 84 9 (11%)

Multiple sites 167 20 (12%)

Therapeutic setting 0.249

1st-line 98 8 (8%)

2nd-line 66 11 (17%)

3rd-line or more 86 10 (12%)

Grading 0.604

G1 5 1 (20%)

G2 129 13 (10%)

G3 103 14 (14%)

Circulating tumor cells 0.101

< 5 CTCs / 7.5 ml 122 17 (14%)

≥ 5 CTCs / 7.5 ml 121 9 (7%)

Abbreviations: HR hormone receptor
aIHC score: 0 /+ 1 or FISH negative
bIHC score: + 3 or FISH positive
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tissue and benign non-proliferative tumors as well; however,
the intensity of staining was not evaluated in a systematic
manner [32]. Going et al. proposed a scoring system based
on the staining extent and intensity and demonstrated the
highest staining scores in malignant breast lesions, followed
by atypical ductal hyperplasia, ductal hyperplasia without
atypias and finally normal breast tissue [33]. The evidence
on the correlation of RAS p21 tissue expression with
conventional prognostic parameters is inconclusive;
some studies reported an association between higher
RAS p21 expression and positive lymph node status [34],
while others found stronger RAS p21 staining in patients
younger than 50 years and with estrogen receptor negative
tumors [33, 35].

The prognostic relevance of tissue RAS p21
Ohuchi et al. reported on a long-term follow up of a
small group of women with hyperplastic breast lesions with

or without atypia [28]. Five of 18 women were diagnosed
with ipsilateral breast cancer during 15 years of follow up.
RAS p21 expression in women who developed cancer was
significantly higher than in those who did not. In one
of the older studies, Dati et al. examined tumors from
132 primary breast cancer patients and showed that
high RAS p21 levels predicted worse clinical outcome
[36]; elevated RAS p21 correlated with overexpression
of c-erbB-2 encoded p185 protein, indicating a possible
cross-talk between the erbB-2 and RAS signalling cascade.
In contrast, Archer et al. analysed the expression of various
oncogenes in tissue samples from 92 patients with
advanced or metastatic breast cancer and reported that
RAS p21 positivity did not correlate with PFS or OS
[15]. However, the staining pattern in this study was
not quantitatively assessed and patients were stratified
in two categories (RAS p21 positive and negative), the
majority (72%) belonging to the first group. Further, the

Fig. 1 Patient distribution diagram according to the REMARK criteria

Table 4 Detailed analysis of therapy administered during the trial

Chemotherapy Endocrine therapy Trastuzumab

ER status

Negative 63 / 76 (83%) 3 / 76 (4%) 20 / 76 (26%)

Positive 135 / 174 (78%) 50 / 174 (29%) 35 / 174 (20%)

PR status

Negative 81 / 101 (80%) 13 / 101 (13%) 27 / 101 (27%)

Positive 117 / 149 (79%) 40 / 149 (27%) 28 / 149 (19%)

HER2 status

Negative 112 / 143 (78%) 34 / 143 (24%) 3 / 144 (2%)

Positive 66 / 76 (87%) 7 / 76 (9%) 44 / 77 (57%)

Circulating tumor cells

≥ 5 CTCs / 7.5 ml 100 / 122 (82%) 25 / 122 (21%) 19 / 122 (16%)

< 5 CTCs / 7.5 ml 94 / 123 (76%) 26 / 123 (21%) 34 / 123 (28%)

RAS p21

Elevated 25 / 29 (86%) 2 / 29 (7%) 9 / 29 (31%)

Non elevated 174 / 222 (78%) 51 / 222 (23%) 46 / 222 (21%)
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trial was designed to assess the response to endocrine
therapy received by all patients, although 40% of the
tumors were ER-negative and 59% were PR-negative.

Detection of RAS p21 in peripheral blood
Since overexpressed proteins are frequently shed by
malignant cells into the blood, numerous studies evaluated
the possibility of measuring circulating RAS p21 in plasma
samples of cancer patients. However, only few addressed
this issue specifically in breast cancer. Weissfeld et al.
analysed plasma samples from 80 patients with various
solid cancers and 286 healthy subjects and found sig-
nificantly higher levels of circulating RAS p21 in cancer
patients; no differences in RAS p21 expression between
tumor sites were observed [18]. In haematological

malignancies, such as acute leukemia, RAS p21 can be de-
tected and quantified in bone marrow samples; in myelo-
dysplastic syndrome, elevated levels have been linked to
disease progression [37, 38]. It has been speculated
whether serum detection of RAS p21 might contribute to
early detection of lung cancer in persons particularly at risk
[39].
The only study focussing specifically on RAS p21 expres-

sion in the blood of breast cancer patients was conducted
using Western blot analysis and a mouse monoclonal anti-
body 142-24E05 which detects both normal and mutant
RAS protein [14]. RAS p21 was measured in samples from
34 newly diagnosed early breast cancer patients, 26 women
with benign breast disease and 34 healthy women. RAS
p21 was detected in 53% of cancer cases, 27% of women

Fig. 2 Correlation between RAS p21 levels and progression-free (a) and overall survival (b) [months]
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with benign lesions and 26% of the healthy controls. After
adjusting for possible confounders, such as age, parity,
familial risk and hormonal factors, RAS p21 remained an
independent predictor of cancer status. Interestingly,
four of five patients with ductal carcinoma in situ had
detectable RAS p21, indicating that RAS pathway becomes
activated at earliest stages of the disease.
In the present study, RAS p21 levels in the peripheral

blood were measured using a sandwich-type ELISA.
Controlling for established clinical-pathological parameters,
elevated RAS p21 independently predicted shorter overall
survival. To place RAS p21 detection in context of more
extensively studied blood-based biomarkers, CTC status,
serum HER2, CAIX and TIMP1 were included in the
analysis as well [22, 23]. RAS p21 and CTC status were
the only biomarkers associated with shorter OS in the
multivariate analysis. Interestingly, detection of ≥5 CTCs
per 7.5 ml blood was not associated with elevated RAS
p21, suggesting that the presence of RAS p21 is not a
mere epiphenomenon of CTCs but has a clinical relevance
of its own. While oncogene products are frequently shed
into blood circulation, it remains unclear whether high
levels of RAS p21 in patients with poor prognosis are
released by metastatic lesions or by the CTCs. Since

overexpression of RAS p21 in the tumor tissue has been
linked to worse survival, it might be hypothesized that the
origin of circulating RAS p21 is the metastasis; however,
no study so far examined the expression of RAS p21 in
both tumor tissue and blood in the same subset of breast
cancer patients and evidence from other entities is scarce.
In colon carcinoma, a statistically significant correlation for
RAS p21 overexpression was reported in matched tissue
and plasma samples [40]. In a small study on liver angiosar-
coma, 80% of tumors had a specific RAS mutation and
were found to express the corresponding mutant p21
protein in their tumor tissue and serum [41].
Whether the RAS cascade is activated/deregulated

more frequently in some subtypes of breast cancer than
in others, remains unclear. Fribbens et al. examined
plasma samples from a homogenous collective of 113
hormone receptor positive patients who progressed after
at least six months of aromatase inhibitor therapy [42].
In 21% of samples sub-clonal KRAS mutations in circu-
lating tumor DNA were detected, suggesting a potential
role for selected mutations in resistance to endocrine
therapy. Interestingly, the clinical outcome was not asso-
ciated with the presence of KRAS mutations. While the
mutation status has not been analysed in our study, we
could show the highest clinical relevance of RAS p21 in
HER2-positive patients, followed by the hormone receptor
positive HER2-negative group. In the triple-negative sub-
group, survival of patients with elevated and non-elevated
RAS p21 was similar, suggesting that the biological signifi-
cance of RAS signalling cascade is highest in cancers with
non-triple negative phenotype.

Clinical relevance of RAS p21 detection
The correlation between elevated RAS p21 and poor
prognosis makes the RAS pathway an attractive candidate
for targeted therapies [1]. The precise molecule targeting
RAS p21 is unknown; however, potential approaches that
have been discussed in this context are the inhibition of
RAS p21 expression through antisense oligonucleotides or
ribozymes and the inhibition of farnesylation. The latter
strategy has initially gained considerable interest, as farne-
sylation is involved in the posttranslational modification
of RAS and is necessary to attach RAS proteins to the cell
membrane [43]. Several inhibitors of farnesyltransferase,
the crucial enzyme of this process, have been developed
but have so far not proven effective in clinical trials.
Other potential strategies aim at targeting effector

pathways downstream of RAS (Fig. 3). The Raf-MEK-ERK
signal transduction cascade was one of the first RAS-
activated pathways identified and plays an important role as
a target for Raf and MEK kinase inhibitors [44]. Sorafenib, a
Raf kinase inhibitor, is effective in renal cell and hepatocel-
lular carcinoma, but failed to show clinical benefit in breast
cancer [45]. Another effector pathway interfering with

Table 5 Multivariate analysis of overall survival

p-value Hazard
Ratio

95%-Confidence
Interval

RAS p21
Elevated vs. non elevated

0.003 2.927 1.43–5.99

CTC counts
≥5 vs. < 5 CTCs / 7.5 ml blood

< 0.001 3.775 2.01–7.10

Therapy line
> 1st line vs. 1st line

0.002 2.817 1.48–5.37

Grading
G3 vs. G1/2

0.026 1.380 1.04–1.83

Serum HER2
Elevated vs. non elevated

0.156 1.564 0.84–2.90

Menopausal status
Post- vs. Premenopausal

0.298 0.732 0.41–1.32

ER status
Positive vs. Negative

0.067 0.478 0.22–1.05

PR status
Positive vs. Negative

0.486 1.297 0.62–2.70

HER2 status
Positive vs. Negative

0.121 0.623 0.34–1.13

Number of metastatic sites
Multiple vs. Single site

0.521 1.262 0.62–2.57

Metastatic spread
Visceral (+/−) vs. bone only

0.567 1.566 0.33–7.54

CAIX
Elevated vs. non elevated

0.300 1.381 0.75–2.54

TIMP1
Elevated vs. non elevated

0.066 1.741 0.96–3.15
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the RAS family is the PI3K/AKT/mTOR pathway [46].
Since the efficacy of inhibitors of a single pathway is
often reduced by the negative feedback loops activating
the second pathway, dual blockade of both pathways
may be necessary to inhibit tumor growth [47].

Conclusions
Detection of elevated RAS p21 levels in the peripheral blood
of metastatic breast cancer patients provides important
prognostic information. Hypothetically, these patients might
benefit from agents targeting components of the RAS
signaling pathway. Whether changes in RAS p21 status
might potentially improve therapy monitoring, remains to
be clarified in future trials.
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