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The impact of tumour biology on the management of primary
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Abstract: The incidence of breast cancer increases with age. Average life expectancies are increasing; the
older population is expanding globally. This presents a huge challenge on an international scale in the coming
years as more older people are living with breast cancer. Despite this, most research in this field remains
focused in younger patients. In this article, we outline the current issues facing understanding of the biology
of primary breast cancer in older women with regards to treatment decision making. The main treatment
dilemmas concern (I) primary treatment [surgery versus non-operative therapies in estrogen receptor (ER)
positive and negative tumours] and (II) adjuvant treatment (such as endocrine therapy or chemotherapy).
We then discuss work in this field from the Nottingham Breast Cancer Research Centre, which includes
biological assessment of a large (N=1,758) cohort of older (aged >70 years) women with primary breast
cancer with long-term follow-up data. At a biological level, we understand breast cancer belongs to four
main subtypes [luminal A, luminal B, human epidermal growth factor receptor 2 (HER2) over-expression, or
triple negative breast cancer (TINBC)], with treatment plans based upon these. The Nottingham group have
found a biological cluster unique to older women with primary breast cancer (low ER luminal type), which is
not seen in their younger (<70 years) counterparts, as well as differences between age and clinical outcome in
patients with ER-positive, HER2-positive and TNBC. This adds further evidence that the biology of breast
cancer in older women is different to that of younger women and therefore, should be treated as such.

Finally, we outline future considerations to achieve personalised breast cancer treatment in this cohort which

includes optimisation of biological assessment with integrated geriatric assessment.
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Background will have a huge international impact both financially and in
terms of service provision.

The incidence of breast cancer increases with age (1). Due Despite this, most research in the field remains targeted

to improved survival outcomes and life expectancies, by at younger patients. Age-specific guidelines are not widely
2040 around 40% of new breast cancer cases diagnosed per referred to and guidelines which do allude to the older

year globally, will be in patients aged >70 years (2). This woman as an individual are based solely on conventional
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factors, such as grade and size of tumour, nodal status
and estrogen receptor (ER) status. The main treatment
decisions in older (often defined using the age cut-oft of
70 years in a number of studies) women with primary breast
cancer are regarding (I) primary treatment and (II) adjuvant
treatment.

Primary treatment

Current guidelines in the UK (3), Europe (4) and worldwide
(5,6), advise surgery as the first-line treatment of primary
operable breast cancer, irrespective of age. Historically,
primary endocrine therapy (PET) has been used in older
women unfit for surgery, or where the patient declines
surgery. The International Society of Geriatric Oncology
and European Society of Breast Cancer Specialists now
advise that PET should only be offered for patients with
ER-positive tumours with a limited life expectancy, despite
optimisation of medical conditions (7). Despite this, figures
for uptake of PET are reported between 12-40% (8-10).

Reasons for this are likely to be multifactorial and
related to patient preferences, consideration of quality
of life and physical fitness. One reason may be concerns
over decline in health following surgery, however, there is
limited evidence in the literature to support or deny the
claim that functional status and independence decline after
breast cancer surgery (11). Patients report good satisfaction
and low treatment morbidity with PET (7). Furthermore,
surgery and PET have similar survival outcomes for up to
5 years (10), thus PET appears to be an attractive
treatment option in some patients. ER positivity is defined
as staining of >1% of tumour nuclei in the sample tested (12).
Although there is emerging data to suggest that samples
which stain up to <10% ER-positive, behave in the same
way as <1% ER-positive (13), the previous definition is
still currently used. Overall, greater than 30% of patients
with ER-positive primary breast cancer treated by surgery
relapse despite endocrine therapy (14-16). In addition to
this, initiation of PET can take weeks to months before any
clinical benefit is seen and there is an unfortunate group of
patients who exhibit no response following this.

Further problems arise in older women with primary
breast cancer who have ER-negative tumours, of which
there is little discussion in the current literature. There is
little evidence to suggest that comorbidity itself is related
to breast cancer subtype (17); one study has found a slightly
lower proportion of ER-positive tumours among patients
with diabetes (18).
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Primary surgery is still recommended where possible.
One alternative option is primary radiotherapy, which may
present problems in terms of tolerability and side effects.
Another option may be chemotherapy, however, it would
be expected that if the patient could not tolerate surgical
management, this would be the same, if not worse, for
chemotherapy. Historically, some patients with ER-negative
tumours received endocrine therapy regardless of receptor
status (19) although this is no longer recommended (3).

Adjuvant treatment

No adjuvant treatment is risk-free and risks versus benefits
of all potential treatments should be discussed with
an older patient as part of the shared decision-making
progress. Clearly, with use of multidrug therapy, risk of
adverse events increases. The largest treatment dilemma
in older women with regards to adjuvant treatment is
whether or not they should receive adjuvant chemotherapy,
especially in patients with ER-negative tumours where
adjuvant endocrine therapy is not an option. Older patients
tolerate chemotherapy poorly compared to their younger
counterparts because of progressive reduction of organ
function and comorbidities related to age (20).

A further dilemma is in the treatment of patients with
human epidermal growth factor receptor 2 (HER2)-
positive disease. Traditionally anti-HER2 therapies are
offered in combination with chemotherapy. The National
Surgical Adjuvant Study of Breast Cancer (N-SAS BC) 07
(RESPECT) trial is a phase 3 randomised trial in patients
>70 years randomised to receive either trastuzumab or
trastuzumab plus chemotherapy. The study has recruited
275 participants and the results are eagerly awaited (21).
This could have significant implications for patients with
HER2-positive disease if the benefit of trastuzumab alone
is confirmed; meaning that they would only have to face the
toxicity of a single treatment, which, in this case, has less
side effects than chemotherapy.

Although generally, the side effects from adjuvant
endocrine and radiotherapy are understood to be less
detrimental than those of chemotherapy, they could be
extremely significant in the group of patients who suffer
from them. Studies have reported between 38-50% of
patient discontinuation endocrine therapy within 5 years
of surgery (22,23), largely thought to be related to
intolerable side effects. Fatigue is the most common side
effect following radiation therapy and affects up to 77% of
patients (24).
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Figure 1 Patient outcome based on breast tumour biological subtypes (25). ER, estrogen receptor; PR, progesterone receptor; HER2,

human epidermal growth factor receptor 2.

Current understanding of breast cancer biology

Traditionally, we have understood breast cancer to consist
of four main biological subtypes (Figure I), with treatment
plans dependent on subtype. Luminal A and B type tumours
are more likely to respond to endocrine therapy; basal or
triple negative breast cancer (TNBC) are most likely to
benefit from chemotherapy and tumours with HER2 over-
expression should be offered anti-HER2 therapy.

However, it is now recognised that breast cancer is
a biologically heterogeneous complex of diseases, with
a spectrum of many subtypes with distinct biological
features (26). Therefore, treatment plans based on routinely
measured biomarkers and our current understanding of
disease subtypes may no longer be adequate.

The correlation between ER positivity and age is well
documented; ER positivity increases with age with the
highest proportion of patients with ER-positive tumours in
the >65-70 years age group (27,28); >80% of older women
tend to have ER-positive tumours (29), which is considered
to be a less aggressive phenotype. This association is
fundamental in the development of PET and adjuvant
therapies in older women, however, we are now beginning
to understand that there may be other biomarkers, not
currently measured routinely in clinical practice, which may
have importance in determining response to therapy (30).

Other favourable characteristics noted in older women
with primary breast cancer are lower expression of HER2,
lower frequency of p53 mutations and overexpression of
B-cell lymphoma 2 (BCL-2) protein (31). Generally, breast
cancers in older women appear to be more indolent and
display less aggressive biological features. These features
may help to guide treatment decision making where a
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patient may be considering surgery versus PET and when
deliberating adjuvant therapies.

Some tools to help inform the prognosis and response
to therapy, primarily in the adjuvant setting, do exist. The
Nottingham Prognostic Index (NPI) (32), from our group,
was the first tool of its kind to assess a combination of
factors, including histological grade which reflects tumour
biology, together with size of tumour and nodal status
(time-dependent factors), to inform prognosis following
surgery. Assessment that is more comprehensive, for example
Adjuvant! Online (33), which uses more clinico-pathological
features, has been developed, but recruitment of older
women in their conception is lacking and the aims of these
tools are not focused to the treatment dilemmas of the older
population. Furthermore, these tools do not require unique
tumour material to be assessed from an individual patient,
so are not truly personalised to that patient (34).

Overview of Nottingham research programme

Breast cancer research in Nottingham has a longstanding
international reputation since evolution of the Nottingham
Grading System and NPI (32). We have experience in the
study of breast cancer samples since our unit was established
in 1973. The unit has since developed a unique research
programme on primary breast cancer in older women.

The cobort

Over a 37-year period (1973-2010), 1,758 older (=70 years)
women with early operable (<5 cm, T0-2, N0-1, MO0)
primary breast cancer were managed in a dedicated facility
in Nottingham. Clinical information was available from
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Figure 2 Breast cancer-specific survival of older women with early operable primary breast cancer according to biological clusters (37). ER,

estrogen receptor; HER2, human epidermal growth factor receptor 2.

diagnosis of breast cancer until death or last documented
follow-up and has been described previously (35,36).
Histological data in terms of sample at diagnosis and
surgical excision (SE) specimen (where applicable), is
available. To the best of our knowledge, this is the largest
database of this kind, in the literature.

Comparison between older and younger women

From the whole series, 813 patients underwent primary
surgery and the remaining had non-operative or no
treatment. It has been possible to construct 575 tissue
microarrays (TMAs) using the SE samples and a panel of
25 biomarkers has been assessed in these SE TMAs (37).
Cluster analysis identified six biological clusters of disease
in older patients, four of which are consistent with standard
clusters seen in younger women and one which was
consistent with “normal-type” of breast tissue. The unique
cluster, termed “low ER luminal” had high expression of
luminal cytokeratins (CKs), mucin 1 and HER3 compared
to the other conventional clusters and had different breast
cancer specific survival (BCSS) compared to conventional
clusters (Figure 2).
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Primary treatment

In a subset of 1,065 of the cohort, 449 had primary surgery
and 616 PET. ER was measured by H-score and this was
used as a continuous variable for analysis, rather than a
standard cut-off. Patients with tumours with ER H-score of
>250 (out of 300) (i.e., very ER rich) had equivalent BCSS
regardless of treatment of primary surgery or PET (P=0.7)
(Figure 34), whereas in patients with H-score <250, surgery
produced better BCSS (P<0.001) (Figure 3B) (35).

This suggests that within the group of patients with ER-
positive disease based on standard definitions, there may
be scope to further subdivide patients by the degree of ER-
positivity.

In the overall cohort, 194 patients had ER-negative
tumours, 77% of which were treated by primary surgery,
14.3% with PET (historic treatment), 5.6% with primary
radiotherapy and supportive treatment only in 3.1% (38).
Biological analysis did not demonstrate any correlation
between measurement of PR, HER2 or Ki67 with BCSS,
contrary to the findings in the patients with ER-positive
tumours (35). However, compared to the patients with
ER-positive tumours, patients with ER-negative tumours
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Figure 3 Breast cancer-specific survival of primary breast cancer in older women treated by surgery versus primary endocrine therapy with

H-score <250 (A) and H-score >250 (B).

have higher rates of Ki67 expression, lower PR and higher
HER?2, consistent with more aggressive tumour biology.
The majority of those with ER-negative tumours studied
here, died of breast cancer in contrast to the outcome of
patients with ER-positive tumours where the majority died
of non-breast cancer causes.

After a comprehensive systematic literature review on
the subject (39), a technique to successfully construct TMAs
from core needle biopsy (CNB) samples was developed by
us (40).

It has been possible to construct 693 TMAs from CNB
samples from the overall cohort. A panel of 18 biomarkers
has been measured in the majority of the CNB TMAs
in patients who had ER-positive breast cancer (41).
Examination of these specimens confirmed the presence of
the low-ER luminal cluster and identified other biomarkers
in addition to ER, which were independent predictors
for BCSS, including PR, Ki67 and mucin 1 (41). It may
be possible to determine which of these biomarkers help
predict response to PET.

Adjuvant treatment

Findings suggestive of a diversification of biology (with
differing clinical outcomes) according to age, have also been
found in patients with HER-2 positive (42) and TNBC (43),
providing evidence that consideration of the role of biology
of breast cancer should be made during treatment decision
making.

In a comparison study of 130 younger (<70 years)
patients versus 43 older (=70 years) patients identified as
having HER2-postive tumours, there was no difference
in BCSS, despite minimal use of chemotherapy in the
older age group, compared to frequent use in the younger
group (42). Furthermore, when compared to their younger
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counterparts, older women with HER2 overexpressing
tumours were more likely to have low expression of Ki67
and high expression of BCL-2.

These results were replicated in patients with TNBC.
A total of 127 older women with TNBC were compared
to 342 younger women. The older patients with TNBC
had lower expression of Ki67 and basal CK5/6, but higher
expression of BCL-2 and luminal CK18. There was no
significant difference in BCSS between younger and older
women, despite minimal chemotherapy use in the older
cohort.

These findings suggest that overall, older women in
this cohort express a less aggressive phenotype of breast
cancer, compared to their younger counterparts and provide
evidence that consideration of the role of biology of breast
cancer should be made during treatment decision making.

Future considerations

Fully understanding the biology of breast cancer in older
women will impact every stage of the treatment pathway
including primary and adjuvant treatment. For example,
it may be possible to more accurately identify who will
respond to endocrine therapy as primary treatment as an
alternative to surgery, or which patients may not require
adjuvant therapy. We hypothesise that there is a group of
older women with breast cancer who will never die from
their breast cancer due to competing comorbidities and
being able to identify these patients at diagnosis would have
a huge influence on their treatment.

A move is underway towards personalised cancer
treatment, where tumour biology of an individual patient
is examined to give unique predictive and prognostic
information. This is extremely important in the setting
of older women, who may have different treatment goals

Ann Breast Surg 2021;5:5 | http://dx.doi.org/10.21037/abs-20-130



Page 6 of 8

compared to their younger counterparts; their focus may
be towards preservation of quality of life rather than
curative treatment. There are currently a number of
existing predictive and prognostic tools available for use
in breast cancer, however, the evidence base for the use of
these tools specifically in the older population is weak (34).
Furthermore, these tools have mainly been licensed for use
in the adjuvant setting following surgery. In the future, we
expect the development of a tool to analyse an extensive
panel of biomarkers for an individual patient with primary
breast cancer, based on their CNB specimen. This would
generate patient-specific survival outcomes based on their
individual tumour biology, which would allow them to make
personalised treatment decisions.

Some areas of medicine, for example, orthopaedic
surgery, routinely utilise geriatric assessment (GA) to
identify patients who may benefit from more detailed
interventions. GA generally consists of a few major
components including: medical assessment of current
diagnoses, medications and nutritional status; assessment
of physical function, psychological evaluation of mentality
and mood; social and environmental assessments (44). The
concept of GA in oncology is recommended (45), however,
full GA can be time-consuming and may not be useful in all
cases. Some studies have opted for use of a frailty screening
assessment to decide who should receive full GA, but which
tool best serves this purpose remains debatable (46,47).

A combination of detailed biological assessment,
alongside some form of GA, would truly personalise breast
cancer treatment for older women. Given our expanding
older population as described, the health and economic
implications of this on a worldwide scale can no longer be
ignored.
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