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Abstract
Breast cancer is a major health problem worldwide. In ~15% of breast cancers, the epidermal growth factor receptor HER2, a
transmembrane protein, is overexpressed. This HER2 overexpression is associated with an aggressive form of the disease
and a poor clinical prognosis. The extracellular domain (ECD) of HER2 is released into the blood by a proteolytic
mechanism known as “ECD shedding”. This proteolytic shedding leaves a constitutively active truncated receptor in the
membrane that is 10–100-fold more oncogenic than the full-length receptor and promotes the growth and survival of cancer
cells. Shedding of the HER2 ECD is increased during metastasis: whereas 15% of primary breast cancer patients have
elevated levels of serum HER2 ECD (sHER2 ECD), the levels reach 45% in patients with metastatic disease. Thus, sHER2
ECD has been proposed as a promising biomarker for cancer recurrence and for monitoring the disease status of patients
overexpressing HER2. Nevertheless, in 2016, the American Society of Clinical Oncology advises clinicians not to use
soluble HER2 levels to guide their choice of adjuvant therapy for patients with HER2-positive breast cancer, because the
evidence was considered not strong enough. Currently, biomarkers such as carcinoembryonic antigen and cancer antigen 15-
3 are widely used to monitor metastatic breast cancer disease even if the level of evidence of clinical impact of this
monitoring is poor. In this article, we review the evidence that sHER2 ECD might be used in some situations as a biomarker
for breast cancer. Although this serum biomarker will not replace the direct measurement of tumor HER2 status for diagnosis
of early-stage tumors; it might be especially useful in metastatic disease for prognosis, as an indicator of cancer progression
and of therapy response, particularly to anti-HER2 therapies. Owing to these data, sHER2 ECD should be considered as a
promising biomarker to detect cancer recurrence and metastasis.

Worldwide, breast cancer is the most common cancer in
women: it comprises 22.9% of invasive cancers in women
(World Cancer Report, 2008) and 16% of all female cancers
(World Health Organization, 2015). Moreover, it has the
highest incidence rate and second highest mortality rate of
all malignant tumors in women [1]. In 2012, 1.68 million
cases and 522,000 deaths due to breast cancer were

described according to the World Health Organization. The
number of cases worldwide has increased significantly since
the 1970s.

Breast cancers can be divided into different subtypes
according to their expression of the human epidermal
growth factor receptor-2 (HER2), estrogen receptor (ER),
progesterone receptor (PR), and Ki67, a marker of cell
proliferation [2]. Each subtype has a distinct prognosis and
responds differently to various treatments. Thus, accurate
characterization of these biomarkers in tumor biopsies is
crucial for clinicians to select an appropriate treatment.
These decisions have a huge impact on patient care. Most
studies divide breast cancer into four major subtypes based
on the molecular markers expression: luminal A; luminal B;
triple-negative/basal-like; HER2 type (Table 1; [3]). Can-
cers that express ER (ER+) depend on estrogen for their
growth, so they can be treated with drugs that block the
effects of this hormone, such as selective estrogen receptor
modulating (SERM) or disrupting (SERD) agents or
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aromatase inhibitors, and they usually have a better prog-
nosis. Cancers that overexpress HER2 (HER2+) or have an
amplification of HER2/neu have been historically con-
sidered as the most aggressive [4]. However, HER2+
cancers respond to the anti-HER2 treatments and particu-
larly to monoclonal antibodies like trastuzumab, and this
have significantly improved the prognosis [5]. Cancers that
have none of the three receptor types (ER−, PR−, and
HER2−) are called triple-negative, although they rarely
express receptors for other hormones, such as the androgen
receptor and prolactin receptor.

HER2 belongs to the human epidermal growth factor
(EGF) receptor family, which comprises EGFR, HER2/neu
(also known as c-erbB2), HER3, and HER4. This family
regulates many processes including cell proliferation, dif-
ferentiation, migration, and survival. In contrast to the other
members of the family, HER2 does not bind growth factors
and has no known ligand. The HER2/neu gene encodes a
185 kDa transmembrane receptor (also known as glyco-
protein p185her2/neu) that has three domains: an intracellular
tyrosine kinase domain, a transmembrane lipophilic seg-
ment, and an extracellular domain (ECD) of 105 kDa
(p105HER2 ECD; Fig. 1). Although HER2 does not bind a
ligand, it is activated upon homodimerization or hetero-
dimerization with another member of the HER family, or by
proteolytic cleavage of its ECD. This dimerization with
other members of the receptor family produces what has
been called a “dimerization-ready signal amplifier” [6]. It
also stabilizes the ligand binding and enhances kinase-
mediated activation of downstream signaling pathways,
such as those involving mitogen-activated protein kinase
and phosphatidylinositol-3 kinase. HER2 is normally
expressed at low levels in the epithelial cells of many tissues
in addition to breast, including lung, kidney, ovary, gas-
trointestinal tract, and placenta.

The importance of HER2/neu in tumorigenesis was first
recognized when neu, the rat homologue of HER2/neu, was
found to be the oncogene that causes neuroblastoma and

was shown to transform NIH3T3 fibroblasts [7, 8]. In
humans, the HER2/neu (or ERBB2) gene is located whitin
the long arm of chromosome 17 (17q12), which is amplified
and/or overexpressed in about 12–15% of breast tumors [9,
10]. Breast cancers associated with HER2/neu amplification
or receptor overexpression have an accelerated growth rate
and a greater rate of recurrence, and are associated with the
poorer overall patient survival than breast cancers without
HER2/neu amplification or overexpression [11]. Thus,
HER2/neu overexpression is associated with aggressive
disease and poor clinical prognosis.

Truncated forms of HER2 that have an oncogenic, con-
stitutive kinase activity are generated either by proteolytic
cleavage, known as “shedding”, of the ECD [12] or by
alternative initiation of translation [13]. Cleavage of the ECD
from HER2 significantly increases the tyrosine kinase
activity of the truncated receptor and substantially enhances
its transforming potential: the truncated form of HER2,
p95HER2, is 10–100-fold more oncogenic than the full-length
protein [14]. This constitutively active, truncated receptor
promotes the growth and survival of cancer cells [14]. Its
constitutive kinase activity may be due to the release of an
inhibitory domain contained within the shed ECD, however,
this remains to be demonstrated. Elevated levels of the HER2
ECD are found in the serum of patients with breast cancer
and also in patients with other malignancies such as ovarian
carcinoma, lung, and prostate cancers [15].

The ECD is released from the receptor into the circulation
by a proteolytic mechanism, known as ECD shedding, and it
can be detected in serum. HER2 shedding has been attributed
to various zinc-containing metalloproteases including mem-
bers of the MMP (matrix metalloproteinase) and the ADAM
(a disintegrin and metalloproteinase) families [16]. The
physiological roles of ADAMs include extracellular matrix
restructuring, cell adhesion, and cell-surface protein proces-
sing [17]. ADAM 10 is the main HER2 ECD sheddase,
especially in the triple-negative/basal-like subtype [18].
ADAM 10, ADAM 15, and ADAM 17 are often over-
expressed in the breast cancer [19]. MMPs, also known as
matrixins, are calcium-dependent, zinc-containing endo-
peptidases. MMPs degrade structural proteins of the extra-
cellular matrix, but they also cleave cell-surface molecules
and non-matrix proteins [6]. Chemical inhibitors with the
excellent selectivity for MMP 1, MMP 2, MMP 3, and MMP
9 are potent inhibitors of HER2 ECD shedding [20].

Although soluble HER2 (sHER2 ECD) has been pro-
posed as a useful biomarker for detecting the disease
recurrence and for monitoring disease status in breast can-
cers that overexpress HER2, the American Society of
Clinical Oncology (ASCO) [21], recommends that clin-
icians should not use soluble HER2 levels to guide their
choice of adjuvant therapy for patients with HER2-positive
breast cancer. This is due to the fact, at the time of writing

Table 1 Breast tumor subtypes

Subtype PR ER HER2 Ki67 Prevalence Prognostic

Luminal A + + − − 23.7%a Good

Luminal B + + − + 38.8%a Intermediate

+ + + + 14%a Poor

HER2
overexpression

− − + # 11.2%a Poor

Triple-negative − − − # 12.3%a Poor

Normal-like + + − − 7.8%b Intermediate

PR progesterone receptor, ER estrogen receptor. #: not in the definition
criteria

Prevalence: adata from ref. [38], bdata from ref. [63]. Prognostic: data
from ref. [3]
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the guidelines, evidence was too weak. Neither does ASCO
to recommend the use of sHER2 ECD levels for identifying
the patients more likely to benefit from anti-HER2 therapies
[21]. Yet, in one study, ~11.4% of early breast cancer
patients and 36.5% of patients with metastatic disease had
elevated sHER2 ECD levels [22], and another found
increased sHER2 ECD levels in 18% of women with pri-
mary breast cancer and in 46% of patients with metastatic
disease [23]. Currently, carcinoembryonic antigen (CEA)
and cancer antigen 15-3 (CA 15-3, a fragment of MUC1/
polymorphic epithelial mucin, present on all the breast
cancer cells) are commonly used for monitoring cancers
during and after treatment, particularly in metastatic situa-
tion. The combination of several tumor markers enhances
the sensitivity for the detection of metastatic breast cancer
[24]. In this article, we will review the evidence from sev-
eral recent studies that indicate that sHER2 ECD can be
used as a prognosis factor, as an indicator of response or
resistance to therapy, and to detect the cancer recurrence
and metastasis.

HER2/neu as a target for therapies

Women with breast cancer are usually eligible for therapies
that target HER2 if their tumors express the HER2 protein.

This status is determined by immunohistochemistry (IHC)
or, if the HER2/neu gene is amplified, by fluorescence
in situ hybridization (FISH). Different types of HER2-
targeted therapy are currently available: trastuzumab, a
humanized recombinant antibody directed against domain
IV of the ECD of human HER2 (Fig. 1), which inhibits
EGF-elicited intracellular signaling and marks HER2+ cells
for lysis by the mechanism of antibody-dependent cellular
toxicity; lapatinib, a tyrosine kinase inhibitor of both the
EGFR and HER2 used in advanced breast cancer, most
often when trastuzumab is no longer working; pertuzumab a
monoclonal antibody directed against domain II of the ECD
of HER2 used in combination with trastuzumab and doc-
etaxel for the treatment of metastatic HER2-positive breast
cancer; ado-trastuzumab emtansine (T-DM1) an antibody-
drug conjugate consisting of the monoclonal antibody
trastuzumab linked to the cytotoxic agent emtansine (DM1)
used in advanced breast cancer in women who have already
been treated with trastuzumab and chemotherapy and ner-
atinib another dual inhibitor of HER2 and EGFR like
lapatinib used to treat early-stage breast cancer after a
woman has completed 1 year of trastuzumab.

Trastuzumab was the first HER2-targeted therapy
approved by the U.S. Food and Drug Administration (FDA;
approved in 1998) for the treatment of metastatic breast
cancers that overexpress HER2. Trastuzumab can be used

Fig. 1 The domain structure of
HER2. The full-length p185
HER2 protein comprises an
extracellular domain (ECD
p105); a transmembrane domain
(TD); a tyrosine kinase domain
with amino (NH)- and carboxyl
(CH)-terminal lobes and a
carboxyl (C)-terminal tail. The
ECD is composed of four
domains: two leucine-rich
domains (I/L1 and III/L2) and
two cysteine-rich domains (II/
CR1, IV/CR2), which contain
disulfide bonds, with which the
receptor dimerizes. HER2 is
cleaved by proteases at a major
site (residues 647–648) and a
minor site (residues 644–645) in
the juxtamembrane region (11
amino acid residues) to generate
the soluble (s)ECD and a
constitutively active, truncated,
membrane-bound receptor
(CFTs p95)
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with adjuvant chemotherapy (either in sequence or in
combination). Trastuzumab in combination with cytotoxic
anticancer agents is the gold standard for the treatment of
HER2-overexpressing breast cancer. It significantly
improves disease-free survival (DFS) and overall survival
(OS) rates in patients with early-stage and metastatic can-
cers. Trastuzumab is now the foundation stone of treatment
for HER2+ breast cancers. Unfortunately, however, not all
patients with HER2-overexpressing breast cancers respond
to trastuzumab treatment; despite this antibody therapy,
metastatic breast cancer eventually progresses in the
majority of cases. Cells may acquire resistance to trastu-
zumab by shedding the HER2 ECD, which contains the
epitope for the antibody, into serum where it can bind to and
neutralize the antibody; shedding also leaves the truncated
form of HER2 (p95HER2) active in the cell membrane [25].

Lapatinib was approved by the FDA in 2007 for use in
combination with the fluoropyrimidine capecitabine for the
treatment of patients with advanced or metastatic HER2+
breast cancers, who have failed previous therapies, includ-
ing anthracyclines, taxanes, and trastuzumab. After failure
of trastuzumab, improved outcomes have been observed
when lapatinib is combined with capecitabine or trastuzu-
mab [26]. We will discuss below the evidence that sHER2
ECD may be a useful biomarker for monitoring treatments
with trastuzumab or lapatinib.

Methodological considerations

In 2000, the FDA recommended that sHER2 ECD should
be quantified with one of two validated immunoenzymatic
methods: either the sHER2 ECD assay for an automated
platform (Immuno-1®, SiemensHealthcare Diagnostics) or
in microtiter plate format (Oncogene Science, Siemens
Healthcare Diagnostics). The immunoassay measures cir-
culating sHER2 ECD levels in serum by using two mono-
clonal antibodies directed against epitopes on the ECD. The
threshold level for elevated sHER2 ECD, according to the
FDA guidelines, should be ≥15 ng/ml. An absolute change
of ±20% or more from this threshold level has been
established as a significant change by the FDA. If elevated
levels of sHER2 ECD are found in patients with the sus-
pected cancer, other pathologies should be excluded as
moderately high levels of sHER2 ECD (up to 50 ng/ml) are
also seen in the absence of cancer, mostly in association
with the liver disease, pre-eclampsia, and chronic heart
failure [6, 15]. For example, sHER2 ECD levels were
reported to be elevated in 40–60% of patients with the non-
malignant hepatic diseases [15].

One of the major limitations of the ELISA assay is
interference due to heterophilic anti-animal immunoglobu-
lin antibodies (HAIA), which results mostly in false positive

results [27]. Many approaches have been reported to reduce
this interference, including removing immunoglobulin from
serum samples [28], using mouse IgG-derived blocking
reagents [29], and replacing the antibody with non-IgG
detection agents [30]. For example, Tchou et al. [31], used a
blocking buffer called MBB to dilute serum samples, as
described in their earlier studies [32, 33]. They conclude
that it is possible that some sHER2 ECD levels reported in
the literature could be misleading and they recommend that
sHER2 ECD assays include an HAIA-preventing step such
as the MBB buffer [27].

In the clinic, the amount of HER2 protein in samples of
cancerous tissue is measured by IHC testing, which char-
acterizes tissue levels of HER2 as 0 (negative), 1+ (also
negative), 2+ (borderline), or 3+ (positive, i.e., HER2
protein overexpression). HER2 gene amplification in these
tissues is determined by FISH or by the related technique of
chromogenic in situ hybridization (CISH), the results of
which are either positive (HER2 gene amplification) or
negative (no HER2 gene amplification). CISH is much more
practical than FISH in diagnostic laboratories because it
uses bright-field microscopy rather than the more expensive
and complicated fluorescence microscopy used in FISH.
Both IHC and FISH have numerous limitations as diag-
nostic assays for tissue HER2 (tHER2) [27]. As both
techniques require biopsy of the tumors, “real-time” follow-
up of the progress of the disease or its response to treatment
is difficult. Also, observer variability and non-standardized
IHC assays and scoring systems may contribute to the
finding that 12–20% of HER2/neu assays performed have
erroneous results [34–38]. In many cases, there is also a
significant discrepancy between the IHC and the FISH
results. Cases where the IHC test is negative but the FISH
test is positive (IHC−, FISH+) may be due to loss of
protein antigens from samples of fixed tissues or to inac-
curate observations during the IHC procedure. Cases where
the IHC test is positive and the FISH test is negative (IHC+,
FISH−) may be explained by false positive results in the
IHC [39] or by other mechanisms that give rise to HER2
protein overexpression besides HER2 gene amplification.
One such mechanism is chromosome 17 polysomy [39],
which has been found in 13–46% of breast cancers,
depending on the studied population and the definition of
polysomy 17. As the HER2 gene is located on chromosome
17, the extra copies of the chromosome may lead to over-
expression of the HER2 protein. Dysregulation of HER2
transcription may also cause overexpression of HER2 [39].
These limitations of IHC and FISH raise many concerns
about our reliance on these tests as assays for HER2/neu
(for a review, see ref. [27]). Thus, assays of the sHER2
ECD might prove useful to identify the patients who may be
missing an opportunity to be treated with the approved
HER2-targeted therapies.
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Do sHER2 ECD levels correlate with tissue
HER2 levels?

Over the past 20 years, there has been a great deal of
interest in the possibility of using measures of sHER2
ECD as a means to monitor tumor HER2 status without
needing biopsy samples; most recent studies, however,
conclude that there is no correlation between tHER2 and
sHER2 ECD levels (Table 2). A study published in 2015,
for example, found only 16.7% of tHER2+ early-stage
breast cancer patients had elevated sHER2 ECD levels
(>15 ng/ml; [31], however, in that study, sHER2 ECD
levels were significantly higher in the tHER2+ subtype
(45.8% had elevated sHER2 ECD levels as defined by
sHER2 ECD values greater than the 75th percentile, i.e.,
≥7 ng/ml) than in the tHER2- subtype (16.7%). These
results are similar to those from larger clinical trials

involving early-stage primary breast cancer patients. In
one study, only 12% of 2318 tHER2+ patients had ele-
vated preoperative levels of sHER2 [40]. In another recent
study of 2862 cases of stage I–III primary breast cancer
patients, 24% were found to be tHER2+, but only 15% of
these tHER2+ patients had elevated sHER2 ECD levels
[41]. Another study [42] found 23.5% of patients with
tHER2+ early-stage breast cancer had elevated sHER2
ECD levels (>15 ng/ml). A later study [43] also showed
that the levels of sHER2 ECD did not correlate with the
level of HER2 overexpression, whether borderline (2+) or
positive (3+) on the IHC testing scale described above.
These authors concluded, thus, that measurements of
sHER2 ECD cannot be used as a surrogate for direct
determination of tumor HER2 status. In this study, only
15% of tumors overexpressing HER2 had a sHER2 ECD
value above the threshold value of 15 ng/ml.

Table 2 Summary of studies that investigated the correlation between tHER2 and sHER2 ECD

References Date Patient population Threshold Serum assay Correlation

Fontana et al. [64] 1994 62 PBC 8 U/ml Triton Diagnostic No

Kandl et al. [65] 1994 24 MBC 10 U/ml Triton Diagnostic No

Kong et al. [66] 2006 86 PBC 10.2 ng/ml ADVIA Centaur System No

Kontani et al. [42] 2013 252 PBC and MBC 15.2 ng/ml Advia Centaur System No

Quaranta et al. [67] 2006 108 PBC 1368 HNU/ml Oncogene Science No

Reix et al. [43] 2016 334 PBC and MBC 15 ng/ml Advia Centaur System No

Sorensen et al. [49] 2009 826 MBC 15 ng/ml ADVIA Centaur System No

Tchou et al. [31] 2015 118 PBC 15 ng/ml Oncogene Science No

Willsher et al. [68] 1996 57 PBC and MBC 20 ng/ml Bender MedSystem No

Andersen et al. [69] 1995 168 PBC 1600 HNU/ml Oncogene Science Yes

Cheung et al. [70] 2000 20 MBC 20 ng/ml Bayer Immuno1 Yes

Colomer et al. [71] 2000 40 MBC 450 fmol/ml Calbiochem Yes

Farzadnia et al. [72] 2010 74 PBC 18.4 ng/ml Bender MedSystem Yes

Fornier et al. [60] 2005 55 MBC 15 ng/ml Bayer Immuno1 Yes

Garoufali et al. [73] 2008 116 MBC 12.7 ng/ml Bayer Immuno1 Yes

Harris et al. [74] 2001 355 MBC 20 U/ml Chiron Diagnostics Yes

James et al. [75] 2008 100 MBC 15 ng/ml Bender MedSystem Yes

Kong et al. [76] 2006 195 MBC 37 ng/ml ADVIA Centaur System Yes

Krainer et al. [77] 1997 47 PBC 20 U/ml Triton Diagnostic Yes

Ludovini et al. [45] 2008 256 PBC 15 ng/ml Oncogene Science & ADVIA
Centaur

Yes

Molina et al. [15] 1996 77 MBC, 84 PBC 15 U/ml Ciba Corning Yes

Muller et al. [78] 2004 29 MBC 15 ng/ml Oncogene Science Yes

Sugano et al. [79] 2000 158 PBC 5.4 ng/ml Nichirei Yes

Witzel et al. [58] 2010 167 PBC 15 ng/ml Siemens Yes

Wang et al. [47] 2016 546 BC 15.0 ng/ml ADVIA Centaur System Yes (untreated tumor-bearing
patients)

Pallud et al. [80] 2005 157 PBC 15 ng/ml Bayer Immuno1 Yes for invasive

Narita et al. [81] 1992 55 PBC 20 U/ml Triton Diagnositic Yes for MBC, no for PBC

PBC primary breast cancer, MBC metastatic breast cancer
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This lack of correlation between tHER2 and sHER2
ECD might be explained if only a subgroup of HER2+
tumors have a high level of HER2 ECD shedding linked to
a more aggressive clinical course [44]. Consistent with this
idea, some studies have found a correlation between sHER2
ECD levels and tHER2 status, disease stage, and disease-
free survival time [45] (Table 2). High sHER2 ECD levels
were also found to be positively associated with the tumor
size, clinical stage, nodal status, histological grade, distant
metastasis, and tHER2 status, and negatively associated
with estrogen receptor status in a 2016 study [46]. Recently,
Wang et al. [47], found in 546 breast cancer patients, a
correlation between sHER2 ECD and tHER2 levels in
untreated tumor-bearing patients (using a threshold level of
15 ng/ml).

The evidence described above indicates that monitoring
of sHER2 ECD levels will not replace FISH and IHC
testing for early-stage breast cancers but could complement
these tissue assays to offer a real-time picture of HER2/neu
status in patients [27]. In a population of patients with
HER2− primary tumors, periodic testing for elevated
sHER2 ECD levels may complement IHC and FISH testing
and help to identify HER2+ patients initially classified as
HER2− or for whom the HER2 status is unknown. Breast
cancer patients with sHER2 ECD levels ≥15 ng/ml should
be serially evaluated by IHC and FISH to determine their
eligibility for HER2-targeted therapies [23].

Threshold levels of sHER2 ECD

The cut-off value above which sHER2 ECD levels are
considered to be elevated may not be the same in all clinical
presentations. Ethnicity, for example, may influence base-
line levels of sHER2 ECD [48]. Asian descent patients had
significantly higher sHER2 ECD levels than the other eth-
nicities [31]. Thus, it may be important to establish the cut-
off values for each ethnic population. Indeed, the somewhat
arbitrary threshold value for sHER2 ECD of 15 ng/ml may
account for some of the variability in the comparison stu-
dies described above. For example, no correlation was
found between sHER2 ECD levels and its tissue expression
when a threshold value of 15 ng/ml was applied; never-
theless, when the actual sHER2 ECD levels in tHER2−
patients were compared to those in tHER2+ patients, a
significant difference was found [49]. This raises the
question of whether the threshold value in this study was
optimal. Moreover, another study [48] found that sHER2
ECD levels did correlate with tHER2 status when a higher
threshold was applied. Of 195 patients with metastatic
breast cancer, 76 (39%) were IHC 3+, and 19 were IHC 2+
but FISH positive. These patients had higher average
sHER2 ECD levels than tHER2− patients. ROC curve

analysis was used to calculate a cut-off level of 37 ng/ml
with a specificity of 95% and a sensitivity 62% for the
prediction of tissue HER2/neu positivity.

The prevalence of sHER2 ECD in breast
cancer and its correlation with metastasis

Although elevated levels of sHER2 ECD have been docu-
mented in many studies of the breast cancer patients, they
are most frequently observed in the metastatic breast can-
cers (for a review, see ref. [27]). Breast cancer can metas-
tasize to anywhere in the body but the most common sites
are in bone. The lungs, regional lymph nodes, liver, and
brain are also often involved. In one study, levels of sHER2
ECD were elevated in 40–60% of patients with metastatic
tumors in the liver [15]. The highest sHER2 ECD con-
centrations correlate strongly with the presence of liver
metastases [6].

A large, prospective study of 334 patients [43] concluded
that patients with metastases presented with more elevated
sHER2 ECD levels at the time of diagnosis than did patients
without metastases. In this study, elevated levels of sHER2
ECD correlated positively with parameters related to the
tumor aggressiveness, such as vascular invasion, metastatic
status, and the absence of estrogen receptors, but not with
invaded lymph nodes and progesterone receptor-negative
tumors. The lack of a correlation between high levels of
sHER2 ECD and lymph node involvement in this study
contradicts several previous reports in the literature [45, 48,
50]. In the Reix et al. [43] study, lymph nodes were con-
sidered to be invaded even when there was only a micro-
metastasis; the researchers did not score invasion intensity
or the number of invaded lymph nodes. Thus, metastatic
status may have been overestimated by comparison with the
other studies. This probably explains the observed lack of
correlation.

Most recent studies have found that the elevated sHER2
ECD levels are seen more frequently in patients with
metastatic breast cancer than in those with the primary
breast cancer (for a review, see ref. [23]). The presence of
high sHER2 ECD levels at diagnosis in patients with breast
cancers that overexpress HER2 may, therefore, be a sign of
metastatic disease, indicating that the presence of metas-
tases must be investigated. Consequently, early screening
for elevated sHER2 ECD levels may improve the detection
of metastatic breast cancer.

Surprisingly, Kontani et al. [42], found elevated sHER2
ECD levels in seven patients (22.6%) with metastatic or
recurrent HER2− breast cancers. This might be explained if
the tumors were derived from HER2-overexpressing cancer
cells in the primary tumor in which HER2− cells were
dominant. Alternatively, a primary cancer that does not
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overexpress HER2 might transform into one which over-
expresses HER2 when the patient relapses. In this study, the
authors could not rule out the possibility of aberrant pro-
duction of HER2 protein in the liver resulting from non-
malignant hepatic disorders or metastatic tumors.

A review of the studies involving at least 50 patients, in
which sHER2 ECD concentration was measured using
FDA-approved tests, found elevated sHER2 ECD (>15 ng/
ml) in 9–23% of patients with early breast cancer and in
22–73% of patients with metastatic breast cancer [6]. This
difference between early and metastatic breast cancer might
be explained by the fact that most patients with metastatic
breast cancer have liver metastases and that the highest
sHER2 concentrations correlate strongly with the presence
of liver metastases [6].

The prognostic value of sHER2 ECD

Different parameters are used to estimate the prognostic
value of a treatment. Overall survival (OS) is the percentage
of people in a study or treatment group who are still alive at
a certain time after they were diagnosed with or started
treatment for a disease. Progression-free survival (PFS) is
the length of time during and after the treatment of a dis-
ease, such as cancer, that a patient lives with the disease but
it does not get worse. In a clinical trial, measuring PFS is
one way to evaluate how well a new treatment actually
works. In cancer, disease-free survival (DFS, also called
relapse-free survival) is the length of time after primary
treatment for a cancer ends that the patient survives without
any cancer signs or symptoms. As for PFS, DFS is another
way to evaluate a new treatment in a clinical trial.

Two recent studies indicate that sHER2 ECD results
correlate with survival parameters. In the study by Reix
et al. [43], DFS in patients without metastases was shorter
in those with elevated sHER2 ECD levels (≥15 ng/ml) when
compared to those with low sHER2 ECD levels (<15 ng/
ml). Similarly, in patients with metastasis, PFS was longer
in those with low sHER2 ECD levels than it was in those
with high sHER2 ECD levels. OS was shorter in patients
with high sHER2 ECD levels than it was in patients with
low sHER2 ECD levels. Multivariate analyses adjusting for
the variables grade, nodal status, vascular invasion, estrogen
and progesterone receptors, HER2 status, and CA 15.3,
demonstrated that sHER2 ECD was an independent prog-
nosis factor for OS. Indeed, in breast tumors that over-
expressed HER2, high sHER2 ECD levels were strongly
associated with shorter OS than the OS associated with low
sHER2 ECD levels. Recently, in 118 patients, DFS was
significantly shorter in patients with sHER2 ECD levels ≥7
ng/ml [31]. Most recently, a study of 436 stage I–III breast
cancers [51] found that high levels of sHER2 ECD were

associated with short DFS times in the HR+/HER2−, HR
+/HER2+, and HR−/HER2+ subtypes.

Likewise, sHER2 ECD levels appear to correlate with
response to treatment. A study in 2014 measured sHER2
ECD in 190 women with metastatic breast cancer [52] and
found elevated sHER2 ECD levels significantly associated
with short-term response to trastuzumab treatment. The
median PFS was significantly longer in patients with low
levels of sHER2 ECD. Those whose sHER2 ECD levels
remained low or became low after treatment had sig-
nificantly longer PFS times than those whose levels
remained high or converted from low to high [52]. More-
over, a study of 546 breast cancer patients at all stages [47]
concluded that elevated sHER2 ECD (>15 ng/ml) was also
a predictor of poor PFS after anti-HER2 therapy with tras-
tuzumab or lapatinib. By contrast, a decrease of ≥20% in
sHER2 ECD levels was associated with longer PFS and OS
in patients who received anti-HER2 therapy.

The prognostic value of sHER2 ECD may be enhanced
when combined with measures of the biomarker CA 15-3.
In a study of early breast cancer [53], patients with both
high levels of sHER2 ECD (≥15 ng/ml) and high levels of
serum CA 15-3 (≥24 U/ml) had the poorest prognosis with a
DFS after 3 years of 50.0%. Patients without elevated
sHER2 ECD levels had a better outcome, with a DFS after 3
years of 91.2%. These researchers concluded that sHER2
ECD and CA 15-3 were strong and independent indicators
of poor DFS; the use of a combination of both biomarkers
proved valuable in identifying high-risk breast cancer
patients. Similarly, a retrospective study of 250 patients
with metastatic breast cancer [54] concluded that serum CA
15-3 and sHER2 ECD could be useful independent prog-
nostic factors for this disease.

Evidence from the studies described above, thus, support
the use of sHER2 ECD in the routine management of HER2
+ breast cancer. Measurement of sHER2 ECD at the time of
diagnosis can provide a useful reference value before
treatment and can be used as a prognosis factor.

There are at least two possible explanations why high
sHER2 ECD levels might be linked to low survival. First,
the truncated p95HER2 form that remains in the cancer cell
membrane after cleavage has a higher rate of constitutive
tyrosine kinase activity and is 10–100-fold more onco-
genic than full-length HER2. So, shedding of the ECD
may result in stronger ligand-independent growth and
survival of the cancer cells, resulting in rapid growth of the
tumor and low patient survival. Secondly, the binding of
therapeutic anti-HER2 antibodies to sHER2 ECD may
block their biological activity. So, in patients with high
levels of sHER2 ECD, the amounts of active drug anti-
bodies may be insufficient to kill the tumor cells expres-
sing HER2. This would lead to a more aggressive clinical
course for these patients.
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sHER2 ECD as a biomarker to follow the
efficacy of HER2-targeted therapies

The evolution of sHER2 ECD levels during neoadjuvant
treatment (i.e., with trastuzumab ± chemotherapy or trans-
tuzumab ± hormone therapy) is informative of the treatment
efficacy [43]. Patients with a complete response (i.e., dis-
appearance of all signs of cancer) as determined by IHC
also showed a significant decrease in their sHER2 ECD
levels, which correlates with the clinical course of the dis-
ease [43]. This effect was not observed for patients with an
incomplete IHC response. However, these results were
obtained from a small cohort of patients (fewer than 20 in
the incomplete and complete response groups), and fur-
thermore, pre-treatment sHER2 ECD levels were not
quantified systematically before the use of trastuzumab.
Thus, the utility of sHER2 ECD as a biomarker to follow
the efficacy of trastuzumab therapy during neoadjuvant
treatment of overexpressing HER2 invasive breast cancers
remains to be addressed by complementary studies.

Few other studies have evaluated the changes in sHER2
ECD levels during neoadjuvant treatment in patients
with tumors overexpressing HER2. Two small prospective
studies [55, 56] reported a reduction in sHER2 ECD levels
1, 3, and 6 weeks after beginning neoadjuvant therapy.
This reduction correlated with a complete response to the
treatment, as determined by IHC. This effect of trastuzumab
therapy on sHER2 ECD levels might be explained by
the fact that the trastuzumab-binding site is located near
the ECD cleavage site. The binding of trastuzumab to
HER2 may interfere with HER2 cleavage by blocking
protease access to the receptor, thus reducing sHER2 ECD
levels. Conversely, trastuzumab might be inefficient due
to the absence of trastuzumab fixation on HER2 when
there are elevated levels of HER2 ECD cleavage. In such
a situation, a constant or an increasing sHER2 ECD
level might indicate that the treatment is not effective:
consequently, sHER2 ECD could then be used as an indi-
cator for a second-line therapy with other anti-HER2
treatment, which potentiates trastuzumab-dependent cell
cytotoxicity [43].

The predictive value of sHER2 ECD for the
response or resistance to HER2-targeted
therapies

Resistance to cancer treatment is an important clinical
problem, and a biomarker that could predict the response to
anti-HER2 therapy would be very useful. Some investiga-
tors have reported that low levels of sHER2 ECD predict
appropriate tumor responses to trastuzumab, whereas others
have reported that high levels of sHER2 ECD predict these

responses. Thus, the usefulness of sHER2 ECD as a pre-
dictor of a beneficial response to trastuzumab remains to be
determined.

Levels of sHER2 ECD cannot be expected to predict
certain forms of resistance to trastuzumab treatment. For
example, one mechanism proposed to explain the resistance
of some tumor cells to trastuzumab therapy is that the cells
express a truncated form of HER2 that lacks the extra-
cellular antibody-binding domain [43]. In this situation, the
level of sHER2 ECD would be uninformative as a predictor;
only IHC testing for both the intracellular and extracellular
domains of the membrane-bound form of HER2, using
antibodies specific for each domain, could determine whe-
ther or not cells express this truncated receptor and thus
predict this form of trastuzumab resistance. One study
showed that high tissue ECD status was predictive of better
DFS than low tissue ECD after trastuzumab treatment,
whereas intracellular domain status was not [57]. This was
explained by the fact that trastuzumab binds only to the
extracellular domain of HER2.

Further evidence to support the observation that sHER2
ECD levels >15 ng/ml in tHER2+ breast cancers might
predict the failure of anti-HER2 therapy comes from a study
by Wang et al. [47]. These authors hypothesized that if
sHER2 ECD increases during therapy, fewer surface targets
for trastuzumab remain on tumor cells, leading to failure of
the therapy. They also found that a decrease in sHER2 ECD
above or equal to 20% in HER2+ patients is an indicator of
therapeutic success, regardless of whether or not the therapy
is specifically directed against HER2 [47]. By contrast, a
meta-analysis found no definitive relationship between
baseline sHER2 ECD levels and tumor response to
trastuzumab-based treatment [22]. Inconsistent with most
studies, Witzel et al. [58], in the GeparQuattro trial, found a
significant positive association between pathological com-
plete remission (pCR, defined as no invasive and no in situ
residuals in breast and nodes) and elevated sHER2 levels
(above 15 ng/ml) with neoadjuvant transtuzumab therapy. A
decrease (>20%) in sHER2 ECD levels was associated with
a higher response rate (defined as the percentage of patients
whose cancer shrinks or disappears after treatment) with
trastuzumab-based treatment, as reported in other studies
[59, 60].

These conflicting findings may be explained by differ-
ences in the methods used to assess responses, to the
absence of a concurrent control arm without anti-HER2
therapy for comparing the outcome of treatment, to the
heterogeneity of patient populations, to differences in anti-
HER2 preparations and other companion systemic treat-
ments, in addition to small sample sizes and inadequate
statistical power [26]. In future studies, levels of sHER2
ECD may be useful to stratify and identify patients who
may benefit from new targeted therapies.
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In contrast to trastuzumab, the response to the tyrosine
kinase inhibitor lapatinib is not affected by the levels of
sHER2 ECD: a recent study based on data from three
consecutive, well-conducted trials with similar designs
which consider a total of 1902 patients, found that high
levels of sHER2 ECD predicted long PFS times with
lapatinib, independently of tHER2 status [26].

The use of sHER2 ECD to detect and predict
cancer recurrence and metastasis

Rising levels of sHER2 ECD may indicate cancer recur-
rence and metastasis. In their cohort of 334 patients, Reix
et al. [43] observed 70 events (progression, metastases, and
death). An increase of sHER2 ECD with no change in CA
15-3 levels was predictive, before imaging, of relapse,
disease progression, and metastasis in 18.6% of the 70
events. In 35.7% of cases, they noticed an increase of both
sHER2 ECD and CA 15-3 levels before diagnosis of relapse
or metastasis. In 8.6% of cases, CA 15-3 levels increased
before the diagnosis of cancer recurrence, with no change in
sHER2 ECD levels. In 37.1% of patients, neither sHER2
ECD nor CA 15-3 levels predicted the occurrence of
metastases. Thus, in some cases, the levels of sHER2 ECD
can provide useful information, alone or in combination
with the levels of CA 15-3, for the prediction of early cancer
recurrence. The sHER2 ECD levels increased significantly
before metastasis to bone, liver, brain, and multiple organs
could be detected by imaging but not before metastasis to
the lungs. To consider therapeutic efficacy, they observed
not only biomarker changes but also whether the level of the
biomarker remained elevated or below the reference value.
The change in sHER2 ECD levels was consistent with
conclusions from imaging in 94% of cases, whereas CA 15-
3 levels were consistent with the conclusion from imaging
in only 85% of cases. The level of sHER2 ECD predicted
progression to metastasis in 100% of the cases of liver and
multiple organ metastases, and predicted progression to or
regression of bone, lung, and brain metastasis in 90% of
cases. Levels of CA 15-3 correlated less well, but dis-
crepancies in both sHER2 ECD and CA 15-3 were never
observed in a single event, again suggesting the com-
plementarity of these biomarkers. The authors concluded
that sHER2 ECD appears to be a helpful surveillance bio-
marker for early diagnosis of relapses and to predict
metastasis of breast cancer [43].

Recent studies are consistent with the later results. One
study found that in clinical stage 3 or 4 the levels of sHER2
ECD increased from 50% to 71.4% and in recurrent cancers
they increased from 43.8 to 81.3% [42], confirming the
conclusion that sHER2 ECD levels are useful for detecting
the recurrence of the disease or monitoring disease status in

breast cancers that overexpress HER2. Another study of
sHER2 ECD levels in patients during and after adjuvant
therapy also demonstrated that sHER2 ECD levels rise in
patients who subsequently develop metastases [31] Most
recently, a study [61] of 200 patients with benign breast
tumors and 300 patients who had been treated for breast
cancer concluded that sHER2 ECD may be a valuable,
novel biomarker for recurrence and metastasis in triple-
negative breast cancer.

The use of sHER2 ECD levels to detect early cancer
recurrence [23] and to predict reliably the progression or
regression of metastases before medical imaging [43] would
allow clinicians to make necessary adjustments to drug
combinations or alert them to follow-up patients more fre-
quently. The levels of sHER2 ECD correlate better with
disease recurrence and metastasis than do those of CA 15-3,
but the use of both biomarkers increases the reliability of the
findings [62]; these markers are not interchangeable but
must be used complementary.

Conclusion

From the evidence presented above, we can see that sHER2
ECD levels can provide a useful biological index for eval-
uating certain aspects of breast cancers that overexpress
HER2, most notably to detect cancer recurrence and
metastasis. Although elevated levels of sHER2 ECD have
been documented in many studies of breast cancer patients,
they are most frequently observed in metastatic breast
cancers; the highest sHER2 ECD concentrations correlating
strongly with the presence of liver metastases. Elevated
levels of sHER2 ECD correlate positively with parameters
related to tumor aggressiveness. They also correlate with
poor survival parameters. Moreover, sHER2 ECD appears
to be a helpful surveillance biomarker for early diagnosis of
relapse and to predict metastasis of breast cancer. Its utility
as a biomarker to follow the efficacy of trastuzumab therapy
and as a predictor of a beneficial response to this drug,
however, remain unclear and demand further evidence from
large, well-conducted studies. The prognostic value of
sHER2 ECD may be enhanced when combined with mea-
sures of the biomarker CA 15-3. The prospect of using
sHER2 ECD levels for the diagnosis of early-stage breast
cancer, by contrast, is less bright. Most recent studies
conclude that there is no correlation between tHER2 and
sHER2 ECD levels, so measures of this serum biomarker
will not replace direct measurement of tumor HER2 status
by FISH and IHC testing of biopsy samples from early-
stage tumors. Nevertheless, periodic testing for elevated
sHER2 ECD levels may well complement these tissue
assays to help identify HER2+ patients incorrectly classi-
fied as HER2−, or for whom the HER2 status is unknown,
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as well as to provide a real-time picture of HER2/neu status
in patients undergoing therapy.
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