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Abstract Use of perioperative anti-HER2 therapy presents an opportunity to use a therapy which has been
shown to be effective in the adjuvant setting early in the course of a patient’s primary treatment, to assess
tumour response in vivo using biomarkers and to potentially improve outcome by suppressing the growth
stimulus to cancer cells that is thought to occur due to surgery. Biomarkers measured both before and after a
short period of preoperative therapy may offer important predictive and prognostic information that can guide
future therapy and follow-up. However, the safety and value of perioperative therapy in this context has not
been established and its investigation should therefore be conducted within the context of a randomised,
controlled trial. Such a trial, EPHOS-B, will shortly commence in UK alongside POETIC, a parallel trial of

perioperative therapy in hormone receptor positive postmenopausal breast cancer.
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Introduction

Perioperative therapy offers a number of potential
benefits including the ability to counteract the possi-
bly negative effects of surgery, the ability to give
effective therapy early and a gain in prognostic and
predictive information. There is evidence [1] that
surgery stimulates the growth of breast cancer cells
and causes the release of cancer cells that may then
be able to form metastases; perioperative therapy
may inhibit these two processes. Secondly, trastu-
zumab is an effective therapy, which is often not given
until after chemotherapy but could be used sooner, if
given in the perioperative setting. Presurgical therapy
also offers the opportunity to measure response
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to treatment in vivo, giving information on the effect
of treatment on biomarkers such as proliferation,
apoptosis and gene expression, yielding potentially
valuable prognostic information. Short-term pre-
surgical models have been advocated to evaluate
endocrine resistance mechanisms [2] and are more
generally applicable to other interventions. However,
if they are used for this purpose, it is important
to show that use of intervention does not dis-
advantage individual patients. Large randomised
trials such as that carried out with neoadjuvant
cytotoxic chemotherapy by National Surgical Adju-
vant Breast and Bowel Project in trial B18 [3]
are needed to address such issues. Resistance
mechanisms can also be investigated by associating
changes in biomarkers, which are responsive to the
intervention, such as Ki67 or apoptosis, with the
expression of putative determinants of resistance. For
example, little change in Ki67 would be expected in ER
(oestrogen receptor) negative patients in response to
presurgical treatment with an aromatase inhibitor. The
biology of novel treatments can therefore be studied
using this method; a current example examines the
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biological effect of lapatinib in unselected patients
in a presurgical randomised controlled trial known
by the acronym MAPLE [4].

A large, randomised, controlled trial of peri-
operative anti-HER2 therapy supported by Cancer
Research UK is planned within the United Kingdom.
EPHOS-B is a phase lll, multicentred, three-arm,
randomised controlled trial of perioperative anti-
HER2 therapy in which HER2+ patients will be
allocated in a 1:2:2 ratio to control, perioperative
trastuzumab or perioperative lapatinib. Periopera-
tive treatment will consist of 11 days (=1 day) pre-
operative treatment and a short course of
postoperative treatment. It is anticipated that
patients will receive further trastuzumab treatment
after adjuvant chemotherapy. Centres may choose
at their discretion whether to take into account that
some patients have already received serveral
weeks of peri-operative anti-HER2 therapy when
prescribing their standard adjuvant trastuzumab.
This is a trial with biological endpoints, undertaken
to examine whether an 11-day treatment period is
able to produce biological changes compatible with
a treatment effect. EPHOS-B will determine the
definitive design of the following larger clinical
study, EPHOS-C, which will assess the therapeutic
value of perioperative therapy. EPHOS is being
coordinated by The Institute of Cancer Research
Clinical Trials and Statistics Unit (ICR-CTSU) in
collaboration with The University of Manchester.
POETIC [5], a parallel trial of 2 weeks of aromatase
inhibitor therapy in hormone receptor positive
postmenopausal patients, is also being coordinated
by ICR-CTSU. Evidence of the biological efficacy of
short-term preoperative aromatase inhibitor treat-
ment already exists; POETIC has therefore been
initiated as a 4000-patient trial with both efficacy
and the predictive/prognostic effects of biomarker
changes as endpoints.

The importance of the effect of surgery on breast
cancer cells is still a matter for debate. Evidence
that surgery stimulates the growth of breast cancer
cells has been provided by Tagliabue et al. [1] who
examined breast cancer cell proliferation (MIB-1) in
paired primary and re-excision specimens removed
within 48 days of surgery. They found that the latter
showed a significant increase in proliferation if they
were HER2+ but not if they were HER2— negative
(Fig. 1). Forty-three tumours, comprising 86 sam-
ples, were retrieved from 32 patients, 24 of which
were carcinoma in-situ and 19 invasive cancer.
Overall, the median percentage change in MIB-1
was —2 (95% Cl: —10 to 2) in HER2— tumours and
8 (95% CI: 4 to 16) in HER2+ tumours, P = 0.0007.
In HER2+ tumours, the mean number of MIB-1-
positive cells was found to increase from 16.2% (SD

https://doi.org/10.1017/51470903109990034 Published online by Cambridge University Press

R. P. A’Hern et al.

® MIB-1 Change

° 140

£ 130 1

& 120

©

m 110

2 100

(]

2 90 A

©

o 801

€ 70

m 60 T T :

= In-situ Invasive In-situ Invasive
HER2- HER2+

Figure 1.

Changes in MIB-1 in 43 tumours from 32 patients
obtained following re-excision for residual disease. The
tumours were removed within 48 days of surgery. Adapted
from Tagliabue et al., each line shows the MIB-1 change
from baseline of a single patient.

11.7) to 26.3% (13.6), an increase in proliferation of
approximately 50%. In addition, the difference
between HER2— and HER2+ tumours was also
individually significant in carcinoma in-situ and
invasive cancer patients (P=0.01 and P=0.03
respectively). Fisher et al. [6,7] demonstrated a
similar phenomenon in a mouse model; implanted
human cell proliferation was found to follow tumour
removal, this proliferation was also prevented by
preoperative therapy.

The ability of disseminated cancer cells to
establish metastases is also a matter of con-
troversy. Choy and McCulloch [8] found that
although tumour-cell shedding occurs during sur-
gery on primary breast cancers, after surgery the
released cells are cleared from the circulation. It has
also been predicted by some authors that only one
in every 10000 cells succeeds in forming a meta-
stasis [9]. Circulating tumour cells have to settle at a
distant vascular bed, make their way through the
vessel wall into the target organ parenchyma and
then be able to grow. Whilst this is happening, the
cells must evade the host immunological response
and be able to survive possibly adverse metabolic
conditions. Spread of tumours through the blood-
stream is hence likely to be an inefficient process
and most circulating cells may not possess the
characteristics to establish metastatic disease, or
are overcome by adverse host factors [10].

Perioperative anti-HER2 therapy

There are a number of outstanding questions
regarding the use of anti-HER2 therapies in addition
to the value of perioperative therapy. Little is known
about the optimum use of lapatinib but more evi-
dence exists about the use of trastuzumab from
clinical trials. One issue concerning the use of
trastuzumab that has not been resolved is the
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optimum duration of therapy. It was observed in the
HERA trial [11], for example, that 12 months of
trastuzumab reduces the increased hazard rate
seen in the untreated group during the first year, but
has less effect beyond this point. A trial comparing
observation with trastuzumab for 9 weeks found a
60% reduction in the event rate over a median fol-
low-up of 36 months [12]. The FinHer trial included
232 early breast cancer patients and a hazard ratio
favouring trastuzumab of 0.42 (95% CI: 0.21 to
0.83; P=0.01) was observed for recurrence or
death in this study. A short duration perioperative
course of trastuzumab may, therefore, offer a pro-
portion of this benefit early in the primary treatment
phase. There is also evidence [13,14] that pre-
operative trastuzumab is effective in improving
pathological complete response rates. A study
designed to determine whether the addition of
trastuzumab to neoadjuvant chemotherapy could
increase pathologic complete response (pCR) rates
in patients with HER2+ disease was terminated
early due to an indication of a large benefit for the
trastuzumab group [15]. Patients were randomised
to either four cycles of paclitaxel followed by four
cycles of fluorouracil, epirubicin and cyclophos-
phamide or to the same chemotherapy with con-
current weekly trastuzumab for 24 weeks. The
intended trial size was 164 patients but it was stop-
ped when 42 patients had been entered, of which
26% in the chemotherapy arm achieved pCR com-
pared with 65.2% in the trastuzumab plus chemo-
therapy arm (P =0.016). A further unresolved issue
regarding the use of trastuzumab is whether it should
be started concurrently with taxane chemotherapy
(NSABP B-31, NCCTG N831 [16]) or is better started
after completion of chemotherapy (HERA [11]).

The hypothesis that systemic therapy should be
given preoperatively, was first tested in a large ran-
domised trial by the National Surgical Adjuvant Breast
and Bowel Project in trial B18 [3], which evaluated the
role of preoperative chemotherapy (AC X 4) compared
with the same duration of chemotherapy given after
surgery. Trials of short-duration chemotherapy given
immediately after surgery, followed by conventional
adjuvant chemotherapy after radiotherapy, have also
been conducted [17]. Unfortunately, neither of these
approaches has shown clear evidence of a significant
reduction in the recurrence rate, which would support
the use of these techniques in place of conventional
adjuvant chemotherapy to improve long-term out-
come [18]. However, trials of short-duration che-
motherapy given immediately after surgery have
demonstrated that treatment in this period was
effective; patients who received only postoperative
perioperative chemotherapy and locoregional therapy
in EORTC 10854 [17] had significantly better overall
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survival rates than patients who received loco-
regional therapy alone (P =0.004). This suggests
that effective therapy in the immediate post-
operative period is unlikely to be harmful.

The potential gain of prognostic and
predictive information

Breast cancer is a notoriously clinically hetero-
geneous disease. Categorisation based on gene
expression classification using unsupervised ana-
lysis identifies five main subtypes, two of which
contain two HER2 positive groups: ‘HER2+ like’
(ER—, HER2+) and ER+, HER2+ patients within
the luminal B subgroup. However, even within these
groups there is wide variability in outcome and
treatment sensitivity. For example, after a median
follow-up of 2 years in the HERA trial [11], 19% of
observation patients and 13% of trastuzumab-
treated patients had experienced an event; thus
targeted therapy had only reduced the event rate by
approximately one-third. The use of preoperative
treatment may offer the opportunity to obtain useful
prognostic and predictive information that can be
used as a basis for giving or withholding further
treatment. If there is a relationship between the long-
term outcome of patients and biological changes in
the primary tumour in response to presurgical ther-
apy, then these changes may accurately reflect the
effect of therapy on micrometastases; however this
hypothesis needs to be validated in controlled ran-
domised trials. Biological changes in the blood, such
as changes in angiogenic factors, may also offer
useful information and their measurement can extend
beyond the point of surgery.

An example of this phenomenon is provided by a
biomarker substudy of the IMPACT study [19] (the
substudy had a total of 25 events), which looked
at the effect of biomarker changes induced by
2 weeks of treatment with tamoxifen and/or ana-
strazole in hormone receptor positive early breast
cancer. Ki67 (P=0.004) and ER scores (P =0.04)
measured after 2 weeks exposure to presurgical
endocrine therapy were found to be superior
prognostic factors to the same values measured
before therapy. Tumour size measured at baseline
was also found to be important, but it was not
measured at 2 weeks when relatively little change
would be expected. With regard to changes fol-
lowing anti-HER2 therapy, change in tumour size
after 11 days of therapy may provide additional
prognostic information that is not available from a
pretreatment tumour specimen. Lapatinib has been
reported [20] to shrink tumour size by 74% after
6 weeks which interpolates to a 36% shrinkage
after 2 weeks. Moshin et al. [21] also found early
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tumour regression with a median decrease of 20%
(0-60.4%) after 3 weeks of trastuzumab; changes in
apoptosis were also observed over this period. A
study [22] of biomarker profiles that were predictive
of response to lapatinib was undertaken in a phase I
trial in 45 inflammatory breast cancer patients, out of
which 30 were HER2+. In these patients, those with
phosphorylated HER-3 showed a higher response
rate than those without this characteristic (67% vs.
22%; n=15 and 11, P=0.02) and lack of p53 was
also predictive of response.

Gene expression prognostic indices are receiving
increasing attention in cancer prognostication. The
potential of gene expression indices based on
changes in gene expression can be illustrated by a
study undertaken by Mackay et al. [23], who
undertook expression profiling using cDNA arrays
from pretreatment and post treatment biopsies in
34 sample pairs from ER+ breast cancer patients
treated with anastrozole or letrozole for 2 weeks.
Significant changes in gene expression were
observed, particularly oestrogen-dependent and
proliferation-related genes. The authors explored
this further by combining gene changes into an
overall score, described as the Global Index of
Dependence on Estrogen (GIDE), which summed
the genes changing by at least twofold with therapy.
GIDE was found to be related significantly to pre-
treatment levels of HER2 and changes in immuno-
histochemically detected Ki67.

An important characteristic of perioperative
therapy is that it offers the opportunity to combine
information from both pre-therapy and post therapy
samples. The pre-therapy expression of a particular
biomarker can be viewed as offering information on
the inherent prognosis of the patient and the post-
therapy expression offers information on the
response to treatment. It is therefore preferable to
treat these two values as independent factors initi-
ally and only combine them into a single prognostic
factor if this can be shown to be appropriate. As a
simple example, gene expression changes from
one to three and from two to six both have a fold
change of three; however a patient with the former
fold change may have inherently different prognosis
because the overall expression levels are lower.
Although it is tempting to view biomarker changes
as surrogate endpoints, it is important to remember
that to identify a surrogate endpoint it is not enough to
simply show that the biomarker level correlates with
outcome. It must also be shown that changes in the
biomarker correlate with changes in outcome [24].

A note of caution is appropriate about the
assumption that new prognostic information will be
available from the use of perioperative therapy. In
NSABP-18 [25] prediction of outcome was no better
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in the presurgical chemotherapy arm than in the
postoperative arm despite the fact that the former
was able to incorporate factors such as pathological
tumour response and pathological nodal response
which reflected response to chemotherapy. However,
scientific advances since NSABP-18 was conducted
have resulted in more biological information now
being obtainable and it is important to test whether
this additional biological readout adds critically useful
prognostic and predictive information.

Evidence for the biological effect of
anti-HER2 therapy

Evidence for the effect of anti-HER2 therapy gained
from the re-excision of tumours has been presented
above; evidence is also available from a number of
other sources. It has been suggested that stem
cells are resistant to chemotherapy and are the
origin of resistant disease. Organ-specific markers
that are expressed by stem cells can be identified
from solid tumours, for example, the cell surface
marker profile, CD44+ CD24—/lowLin- [26], was
found to identify a tumourigenic stem-cell popula-
tion in samples from eight of nine human breast
cancers. This profile was found to be enriched upto
100-fold with cells able to form tumours in mice. As
expected of stem cells, the corresponding tumours
in mice were found to possess similar phenotypic
diversity to the original tumour population, encom-
passing subpopulations of both tumourigenic and
non-tumourigenic cells. There is some evidence that
anti-HER2 therapy, unlike chemotherapy, is effective
against stem cells. Rodriguez et al. [20] carried out a
presurgical study involving 45 patients which pro-
vided evidence suggesting that lapatinib decreases
breast cancer stem cells in the primary breast can-
cers of women receiving presurgical lapatinib.

Short-term biomarker effects were also seen in a
study by Spector et al. [14]. These authors studied
the biological effects on selected tumour growth
and survival pathways in patients with advanced
ErbB1 and/or ErbB2-overexpressing solid malig-
nancies after 21 days of different doses of lapatinib.
Tumour response was assessed after 8 weeks and
the series included 13 patients with advanced
breast cancer, four of whom demonstrated a partial
response. Despite the small number of breast
cancer patients, evidence of a fall was shown in
p-Erk1/2 (P<0.01), TGF-a (P<0.05) and p-ERB1
(P=0.03). There were also non-statistically sig-
nificant falls in Cyclin D (P=0.065) and p-Akt
(P=0.13) (Wilcoxon signed rank test, analyses
performed by RA on data extracted from Tables 2
and 3 [14]).
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EGFR and HER2 may be involved in maintaining
anueploidy in some cancers, which may therefore
be responsive to anti-EGFR and anti-HER2 therapy.
Cancer can be caused by aneuploidy (chromoso-
mal gain, loss or rearrangement) and may not be
attributable solely to gene mutations. Anueploidy
was first suggested to play such a role in 1890 and
is currently incorrectly commonly considered to be
a late-stage effect rather than a cause of cancer
development. Bjerkvig et al. [27], for example, have
pointed out that carcinogens such as asbestos and
arsenic initially produce aneuploid lesions and not
genetic mutations and that normal cells exposed to
chemical carcinogens can become aneuploid some
time before they show signs of being cancerous.
Mutations and chromosomal instability may there-
fore both be important in the early stages of tumour
development and involved in genesis of the cancer
stem cell. In ovarian cancer, the coexpression of
EGFR and c-erbB-2 is 47-68% [28]. Pack et al.
examined the effects of antisense or immunosup-
pression of EGFR and c-erbB-2 expression on the
invasive phenotype, aneuploidy and genotype of
cultured human ovarian carcinoma cells. They
found that the suppression of both EGFR and c-
erbB-2 resulted in a decrease in aneuploidy and
genomic imbalances, and restored a more normal
phenotype and a more normal gene expression
profile. Other evidence also supported the fact that
the regression of aneuploidy was due to the selec-
tive apoptosis of double antisense transfected cells
with a highly abnormal karyotype. EGFR and HER2
may therefore play a role in maintaining anueploidy
within cancers, a condition that may be countered
by the use of anti-EGFR and anti-HER2 therapy.

Conclusions

This paper has contrasted the use of perioperative
anti-HER2 therapy with the use of preoperative and
perioperative cytotoxic chemotherapy, both of the
latter have been tested in randomised clinical trials
but have not been found to offer a benefit in terms
of long-term outcome or enhanced prognostication.
However, it is important to evaluate the role of
perioperative anti-HER2 therapy because of its
distinct modes of action, and scientific advances
have resulted in the greater availability of biological
information that can be used to study prognostic
and predictive effects. Controlled trials of peri-
operative therapy present the best opportunity to
investigate these characteristics. Perioperative anti-
HER2 therapy is of unproven benefit and safety, and
it should therefore only be undertaken within the
context of a randomised controlled trial such as
EPHOS-B; however such a strategy requires both
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HER2 status assessment at or close to diagnosis
and cardiac assessment, requiring pathological
services that can provide rapid diagnosis and the
availability of timely ECHO or MUGA scans.
Questions relating to the EPHOS-B study can be
addressed to the EPHOS Trial Coordinator within
ICR-CTSU, Email: ephos-icrctsu@icr.ac.uk
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