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Intra-operative
radiotherapy for
breast cancer

Over the last century, the treatment of breast cancer has evolved as the biology
of the disease is better understood. In the mid-19th century, the humoral
theory of breast cancer was overturned by a mechanistic model viz., ‘it arises
in the breast and spreads centrifugally to regional lymph nodes and thence to
rest of the body’. Charles Moore, (1821-1879) a surgeon from the Middlesex
Hospital in London, among others, believed that the only way to cure breast
cancer was very extensive surgery, in which the tumour was not violated.! The
belief in this mechanistic model resulted in development of the Halsted radical
mastectomy for the ‘cure of the cancer of the breast’, at the end of the 19th
century.? Unfortunately, only 23% of patients treated by Halsted survived 10
years.> Even more radical surgery,* including the internal mammary lymph
nodes, did not make a difference.>® Prompted by the failures of radical
operations to cure patients of breast cancer, Fisher” and others postulated that
cancer spreads via blood stream even before its clinical detection, with the
outcome determined by the biology of tumour-host interactions. This concept
of ‘biological predeterminism’ suggested that:

1. Adjuvant systemic treatment of apparently localised tumours would be
beneficial and may offer a chance of cure; this is now proven in the Oxford
overview and, although the effect is only modest, the absolute number of
lives saved is considerable, given that breast cancer is a common disease.

2. The extent of local treatment would not affect survival. Again, it was the
genius of the Oxford overview®® of 26,000 women from 36 trials resolved
the controversy. In 1995, it concluded that postoperative radiotherapy had
a substantial effect on reducing local recurrence rates (from 27.2% to 8.8%
overall), but more radical local treatment, whether surgery or adjuvant
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radiotherapy, did not have any influence on appearance of distant disease and
overall survival. At a 20-year follow-up,’ it was found that radiotherapy
reduced breast cancer mortality by 4-5% but other mortality, mainly
cardiovascular was increased by an equivalent amount. This has resulted in
acceptance of breast-conserving therapy as the standard of care.

One must realise that breast-conserving therapy in the form of wide local
excision of the primary tumour, axillary surgery followed by a 6-week course
of whole-breast radiotherapy including a tumour bed boost actually has the
same radical intent as was achieved by the extirpative surgery of Halsted more
than 100 years ago. In that respect, it is not really a change in the paradigm.

PROBLEMS WITH THE CURRENT STANDARD OF CARE

Nevertheless, properly delivered breast-conserving therapy (BCT) is now taken
as equivalent to mastectomy and the current standard of care for early operable
breast cancer is wide local excision and a 6-week course of whole-breast
postoperative radiotherapy usually including a tumour bed boost. In spite of this
concept being established for more than a decade, the rates of mastectomy in
various populations are still very high, and this cannot be accounted for by a late
stage of disease. Local culture and geography, surgeon’s choice and patient
preference, not necessarily in that order, all dictate which operation is chosen.

The disadvantages of the current practice of 6 weeks of postoperative
radiotherapy after breast conservative surgery are:

1. The long course is a considerable strain on women especially when it
comes after a 6-month course of chemotherapy.

2. Many women are forced to choose mastectomy because they live far away
from a radiotherapy facility. This problem is not restricted to non-
industrialised countries. In a study in the US, it was found that the farther
the patient lives, the less is the likelihood that she will receive BCT and
radiotherapy after breast conserving surgery (BCS). When the travel
distance was less than 10 miles, 82% (i.e. 39% of total) of patients received
radiotherapy after BCS; when it was 50-75 miles, 69% (22% of total)
received it and when it was more than 100 miles, only 42% (14% of total)
received it.1”

3. Many women fail to complete the 6-week course and thus may be
receiving sub-optimal treatment.

4. It takes up scarce resources of the radiotherapy centres and in many
countries leads to long waiting lists.

5. Delay in delivery of radiotherapy either because of long waiting time or
because chemotherapy is given first, may jeopardise its effectiveness and
the window of opportunity to sterilise the target tissues of tumour
cells/potential tumour cells may be lost.

6. It has been estimated that the externally delivered boost dose misses target
volume in 24-88% of cases.!"2 Thus a large proportion of local
recurrences could be attributed to this ‘geographical miss’ alone.



Key point 1

e The usual 6-week course of postoperative radiotherapy after
breast conserving surgery has several disadvantages that reduces
its general applicability to a wide population, even amongst the
most advanced health economies.

LOCAL RECURRENCE AFTER BREAST CONSERVING THERAPY AND
RATIONALE BEHIND INTRA-OPERATIVE RADIOTHERAPY

Local recurrence of breast cancer can cause considerable psychological
morbidity which may include a sense of failure. There are various theories to
explain local recurrence. It may arise from tumour cells left behind or occur
because of seeding of circulating metastatic cells in the surgical field rich in
growth factors. The latter is supported by the fact that patients with early local
recurrence have a relatively poor prognosis (RR, 0.34).13 Recent data suggest
that local recurrence may be facilitated by a local field defect. First, the
morphologically normal cells surrounding breast cancer demonstrate a loss of
heterozygosity, which is often identical to that of the primary tumour.!* So
these ‘normal’ cells are already on the brink of becoming cancer. In addition,
aromatase activity in the index quadrant is higher than other quadrants'> and
via oestrogen has the potential to stimulate mutagenesis, growth and
angiogenesis.!®17 Young age appears to be a risk factor for local recurrence
after breast conserving therapy'® and radiotherapy seems to have a differential
effect according to age.!” Patients with ipsilateral breast tumour recurrence
(IBTR) have an increased risk of carrying a mutant p53 gene (23% versus 1%)
and young patients (< 40 years) with IBTR have a disproportionately increased
risk (40%) of carrying a deleterious BRCA1/2 gene mutation.?’ This suggests
that such local recurrence is probably related more to the background genetic
instability rather than a different tumour biology at younger age. It appears
that a dynamic interaction between the local factors (such as aromatase)
present in the breast parenchyma, systemic hormonal milieu and genetic
instability will determine the risk of local recurrence, in addition to the biology
of the excised primary tumour.

Table 1 The site of local recurrence in large studies of breast conserving therapy

Study Patients (n) Proportion of
recurrences in the
index quadrant

Clark et al.2' 1982 680 96 %
Schnitt et al.?2 1984 231 83%
Boyages et al.2 1990 783 81%
Kurtz et al.?* 1990 1593 86%
Fisher et al.3 1992 (RT) 488 100%
Clark et al.2> 1992 (RT arm) 416 (19/23) 83%
Clark et al.5> 1992 (no RT arm) 421 (103/108) 86%
Veronesi et al.26 1993 570 90%
Total 5182 91%
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The location of recurrence in the breast with respect to site of the primary
tumour has been analysed in large series of breast conservation studies (Table
1). It is seen that 81-100% of early breast recurrences occur in the quadrant that
harboured the primary tumour.!32-2¢ Bartelink?” has reported that only 56%
(47% in ‘tumour bed” and 9% in scar) of local recurrences occurred in the
original tumour bed. In addition, 27% recurred diffusely throughout the breast
including the tumour bed — so that 29% recurred outside the index quadrant.
However, these patients had intensive mammographic follow-up protocol
which might have unearthed the subclinical occult tumours (see below) in
other quadrants that may never have surfaced clinically.

It appears that local recurrence occurs in the index quadrant, whether or not
radiotherapy is given.21?>28 That suggests that, whatever the cause of local
recurrence, its location remains in the index quadrant and is not affected by
radiotherapy. Second, we also know that local recurrence occurs in the index
quadrant irrespective of clear margins. Of the breast conserving trials that have
tested the effect of radiotherapy, the NSABP-B06,° Ontario,*® Swedish,?! and
Scottish® trials had less extensive surgery compared with the Milan III trial .2
The recurrence rate in the control arm of the Milan III trial, in which the
tumours were smaller and excision was considerably wider, was low (8.8%
versus 24-27% in other trials) even in the control group albeit at the cost of
cosmesis. Nevertheless, radiotherapy reduced it even further and at the same
proportional rate as in other trials. If local recurrence is caused by residual
disease, then radiotherapy should have affected a much larger proportional
reduction in those patients with positive margins or less extensive surgery.
However, radiotherapy also reduces the rate of local recurrence in those
patients with negative margins, which further suggests that local recurrence
does not arise only from residual disease and that radiotherapy probably
inhibits the growth of genetically unstable cells around the primary tumour.
This is in contrast to the findings of whole-organ analysis of mastectomy
specimens performed in three dimensions® which reveals that 63% of breasts
harbour occult cancer foci and 80% of these are situated remote from the index
quadrant. It, therefore, appears that these wide-spread and occult
multifocal /multicentric cancers in other quadrants of the breast probably
remain dormant for a long time and have a low risk of causing clinical
tumours. This is corroborated by the high frequency (20% in young women
[median age, 39 years] and 33% in women aged 50-55 years) of occult tumours
found in ‘normal’ breasts when analysed in detail in autopsy studies.?*

It is, therefore, hypothesized that radiotherapy to the tissues that surround
the primary tumour is all that is probably necessary. Such an approach may
solve many of the problems of postoperative radiotherapy mentioned earlier,
and may increase the rates of breast-conserving surgery.

This approach of irradiating the index quadrant alone has been tested in the
Christie Hospital trial®® and, contrary to the popular myth, its findings are
encouraging. A total of 708 patients were randomised to receive either the
standard wide field (WF) radiotherapy or a limited field (LF) radiotherapy to
the index quadrant. Overall, there was a higher recurrence rate in the latter
(LF) arm. In the limited field arm, a constant size of radiotherapy field was
used, irrespective of the tumour size, and this could have resulted in several
instances of ‘geographical misses’. More importantly, when the results were



Key point 2

¢ Since local recurrence after breast-conserving surgery occurs
mainly in the area around the original primary tumour, it may be
sufficient to target adjuvant radiotherapy to peri-tumoural
tissues.

analysed according to the type of the primary tumour, it was found that
limited field radiotherapy was inadequate only in infiltrating lobular cancers
or cancers with extensive intraductal component (EIC). In the 504 cases of
infiltrating duct carcinoma, there was no significant difference in the local
recurrence rates of the two arms.

BRACHYTHERAPY

When patients with small infiltrating duct cancers with uninvolved nodes are
treated with interstitial brachytherapy with radioactive wires, the recurrence
rate is 0—4% at 2-5-year follow-up (see Table 2). It is important to note that the
patients in these series have small tumours and have a low risk of local
recurrence. In a recently published randomised trial,* this technique was
found to be equivalent to whole-breast radiotherapy at 30-month follow-up.
This is a very important result and is a proof of the principle of treating the

Table 2 Index field interstitial brachytherapy series — good prognosis patients at low
risk of local recurrence

Institution Radiotherapy = Median Crude local
technique follow-up  recurrence rate
(actual numbers)

Ninewells Hospital,

Dundee, UK37 LDR 5.6 0% (0/11)
Ochsner Clinic,

USA38 LDR/HDR 3.8 1.3% (2/150)
London Regional

Cancer Center, Canada® HDR 1.7 2.6% (1/39)
William Beaumont

Hospital, USA40 LDR/HDR 3 0% (0/174)
Orebro Medical Centre,

Sweden?*! PDR 2.8 2.3% (1/43)
University of Kansas, USA%? LDR 4 0% (0/24)
National Institute of

Oncology, Hungary3® HDR 4.5 4.4% (2/45)
Tufts University, USA%3 HDR 2 0% (0/30)

LDR, low dose rate; HDR, high dose rate; PDR, pulsed dose rate; IORT, intra-
operative (electrons) radiotherapy.
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Table 3 Some characteristics of intra-operative radiotherapy systems

Device Radiation Dose
Company type
[*Wt of device]
INTRABEAM Soft X-rays Typical physical dose of 5 Gy
Photoelectron Corporation, at 50 kV at 1 cm or 10 Gy at 0.5 cm or
Lexington, MA, USA 20 Gy next to the applicator
[*1.8 kgl over 25-30 min. Setting-up
time ~10-12 min
MOBITRON
Oncology Care Systems Electrons at 20 Gy physical dose in 3-5
Group of Siemens Medical 4-12 MeV min. Setting-up time ~20 min
Systems, Intraop Medical Inc.,
Santa Clara, CA, USA [*1275 kg]
NOVAC-7 Electrons at 20 Gy physical dose in 3-5
Hitesys SpA, Italy 4-12 MeV min. Setting-up time ~20 min

[*650 kg]

*Weight of treatment device (kg)

index quadrant. However, these studies employ standard high-dose rate
brachytherapy delivered with a radioactive source (such as iridium, caesium
wires, or radioactive pellets within a saline-filled balloon, e.g. Mammosite™)
placed intra-operatively to cover a large field in the breast. These techniques
need after-loading of the radioactive source in the wire or balloon templates.
This typically is done in 5-7 fractions delivered in the postoperative period,
over 4-5 days. This makes it fundamentally and conceptually different in
terms of technique from the intra-operative radiotherapy which is delivered in
one sitting at the time of primary surgery, although sharing the basic premise
of treating only the index quadrant.

TECHNIQUES OF INTRA-OPERATIVE RADIOTHERAPY

We shall now consider the techniques of delivering intra-operative
radiotherapy as a single fraction delivered in the operating theatre
immediately after wide excision of the primary tumour. While brachytherapy
using interstitial implants necessitated the treatment to be carried out in a
specially shielded room, the other, older, intra-operative radiotherapy devices
were technically cumbersome and often relied on transporting the patient from
the operating theatre to the radiotherapy unit during surgery. Alternatively,
operating theatres with built-in IORT systems were used in some centres.
These technical and financial limitations to IORT delivery placed a substantial
constraint on the wide-spread adoption of IORT in a variety of hospital
settings. Recent advances in miniaturisation technology have enabled the
development of mobile IORT devices. The first device to be used for IORT is
the Intrabeam™ (Photoelectron Corporation, Lexington, MA, USA). The two




Key point 3

e Modern technology has allowed development of portable,
powerful radiotherapy devices that can be used in standard
unmodified operation theatres.

other systems are mobile linear accelerators — the Mobetron System (Oncology
Care Systems Group of Siemens Medical Systems, Intraop Medical Inc., Santa
Clara, CA, USA) and the Novac-7 System (Hitesys SpA, Italy). Some of the
characteristics of these machines are given in Table 3.

RADIOBIOLOGY OF INTRA-OPERATIVE RADIOTHERAPY

Whether IORT has an identical biological effect on tissue compared with external
beam radiotherapy is not known; but, because it is more conformational, the same
physical dose of IORT is equivalent to a much higher dose of external beam
radiotherapy. With regards to the specific mobile IORT systems currently being
used in early breast cancer, the Intrabeam IORT system delivers a physical dose of
5.0 Gy administered at a distance of 1.0 cm from the breast tumour cavity for a
period of 21 min that is equivalent to a biologically effective dose of 21.7 Gy. Using
Novac-7 IORT technology, Veronesi et al.% have estimated that an external beam
dose of 60 Gy delivered in 30 fractions at 2 Gy/fraction is equivalent to a single
IORT fraction of 20-22 Gy (using an ./ ratio at 10 Gy, typical for tumours and
acute reacting tissues). Using this same equation, but calculating the tolerance of
late responding tissues (0./f ratio at 3 Gy) this equivalent value rises to at least 110
Gy. Radiobiological experiments* using cell cultures have suggested that the
radiobiological effectiveness (RBE) of the Intrabeam system is 1.2-2.5. This was in
agreement with microdosimetric analysis and modelling.#> The PRS radiation is
found to induce both necrotic and apoptotic cell death in addition to rapid cell
death through non-apoptotic pathways.*® Animal experiments have
demonstrated that PRS can induce well-demarcated ablation in canine liver and
kidney#= As a demonstration of its efficacy of ablating tumour tissue, 3 patients
were treated with a PRS 400 (bare probe only, i.e. without the applicators, but with
the same Intrabeam machine that is used for intra-operative radiotherapy). The
tumour was localised on the Mammotest™, a digital, stereotactic, prone mammo-
graphy table. The tumours (range, 1-2.5 cm) were ablated with a single dose of
radiotherapy as demonstrated on biopsy and serial, contrast-enhanced MRI.
There are no biological models or experimental evidence yet available to
estimate the radiobiological effect of a single, large fraction of radiotherapy.
The linear quadratic equations that are usually used for these estimates are

Key point 4

e Radiobiology of single-dose, intra-operative radiotherapy is still
being studied and the optimum dose has not been established
as yet.
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reliable up to a single dose of 2-3 Gy, but not higher. It has been proposed
(Prof. Frederik Wenz Mannheim, Germany; personal communication) that the
low energy X-rays emitted by a system such as the Intrabeam™ may have
special properties with respect to tumour and normal cells. Since the
radiotherapy delivered by Intrabeam (called TARGIT for targeted intra-
operative radiotherapy®!) is over a period of 25-30 min and the normal tissue
DNA repair mechanism takes only 10 min, there is ample time for normal
tissues to repair whereas the tumour cells, being poor at DNA repair, would
not survive. Thus the radiobiological effect of such a single fraction of
radiotherapy may actually be paradoxically higher at greater depth.** Thus,
the tissues immediately next to the applicator would have a high physical dose
with low therapeutic ratio and those away from the applicator would have
lower physical dose, but a high therapeutic ratio. This is an advantage of
Intrabeam™ over the systems delivering electrons because the treatment time
is short and the high (physical) dose region is small — it is expected that this
would increase acute tumour effects while reducing long-term toxicity. The
specific laboratory experiments to test this concept are already underway.

As yet, there is no firmly established, standardised IORT dose or dose rate
for use in early breast cancer. IORT doses investigated for use in early breast
cancer have ranged from 5 Gy to 22 Gy using a variety of different IORT
systems.

EARLY RESULTS

Based on the hypothesis that index quadrant irradiation is sufficient and
equipped with modern technology, in July 1998 we introduced the technique
of intra-operative radiotherapy®?->* that is delivered as a single-dose treatment
using low energy X-rays, targeted to the peri-tumoural tissues from within the
breast. In patients with small breast cancers (now the majority), this could be
the sole treatment. In those with high risk of local recurrence, it would avoid
any geographical miss and, in combination with external beam radiotherapy,
may further reduce local recurrence.

The results of pilot studies using one such device that uses soft X-rays
(Intrabeam™) are encouraging and a randomized trial (TARGIT)>!™ is under
way in the UK, Europe, USA and Australia. The Milan group is also testing the
same approach,®® using a mobile linear accelerator (Novac-7™) in a
randomized trial (ELIOT). The completion of these trials is eagerly awaited. If
proven effective, these novel approaches have the potential to save time and
money, and enable many more women to conserve their breasts.

THE NOVAC-7 SYSTEM

Novac-7 (Hitesys SpA, Italy) is a mobile, dedicated, linear accelerator. Its
radiating head can be moved by an articulated arm which can work in an
existing operating room. It only delivers electron beams at four different
nominal energies — 3, 5, 7, and 9 MeV radiation (Fig. 1).

Beams are collimated by means of a hard-docking system, consisting of
cylindrical perspex applicators available in various diameters (4, 5, 6, 8, and 10
cm). The source-to-surface distance is 80-100 cm. For reasons of radiation



Fig. 1 The Novac-7 system — the arm of the mobile linear accelerator (A) is attached to
a perspex cylinder that is introduced in the breast wound (B). The breast tissue is
mobilized from the chest wall and overlying skin and apposed in the wound after
placing a lead shield between the breast and pectoralis muscle (C). Figures taken from
Veronesi et al.>® with kind permission from Prof. Umberto Veronesi.
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protection, a primary beam stopper (consisting of a lead shield, 15 cm thick)
mounted on a trolley and three mobile barriers (100 cm length, 150 cm height and
1.5 cm lead thickness) are provided. Electron beams delivered by Novac-7 have
very high dose/pulse values compared with those supplied by conventional
medical linacs. Once the breast resection has been performed, the breast is
mobilised off the pectoral muscle for 5-10 cm around the tumour bed and also
separated from the skin for 3-5 cm in every direction. In order to minimise the
irradiation of the thoracic wall, dedicated aluminum-lead disks (4 mm Al +5 mm
Pb) of various diameters (4-10 cm) are placed between the deep face of the
residual breast and the pectoralis muscle. The breast is now sutured so as to
obliterate the tumour bed and bring the target tissues together. The thickness of
the target volume is measured by a needle and a ruler in at least three points and
averaged. The skin margins are stretched out of the radiation using a home-made
device consisting of a metallic ring furnished with four hooks. The cylindrical
applicator (4-10 cm diameter) is now placed through the skin incision and in
contact with the breast. The source cylinder is now ‘docked” onto the upper end
of the applicator. The optimal energy of the electron beam is selected on the basis
of the previously measured target thickness. The primary beam stopper and the
three mobile barriers are positioned, below and around the operating table, in
order to provide good shielding from stray radiation, and all medical personnel
leave the operating room. Once the radiotherapy is finished, the wound is closed
in the usual manner.

THE INTRABEAM SYSTEM

In the Intrabeam, the X-ray tube (XRT) is powered by a 12 V supply, a
minijature electron gun and electron accelerator (Figs 2 & 3). Radiation in the
form of soft X-rays (low energy 50 kV) is emitted from the point source and is
modulated by spherical applicators to give a uniform dose of radiotherapy in
a spherical field in the tumour bed. There is quick attenuation of the radiation
within tissues which reduces the damage to surrounding normal tissues and
minimises the need for radiation protection by the operating personnel.
Depending upon the size of the surgical cavity, various sizes of applicator
spheres are available and, for each size, the radiation received is proportional
to the time the machine is switched on and left in situ. The precise dose rate
depends on the diameter of the applicator and the energy of the beam, both of
which may be varied to optimise the radiation treatment. For example, a dose
of about 5 Gy can be delivered in about 20 min at 1 cm from the margins of a
3.5 cm cavity after wide local excision of the tumour.

If necessary, the chest wall and skin can be protected (95% shielding) by radio-
opaque, tungsten-filled polyurethane caps, which can be cut to size on the
operation table — another advantage of using soft X-rays. With this elegant
approach, the pliable breast tissue around the cavity of surgical excision wraps
around the radiotherapy source (i.e. the target is ‘conformed’ to the source). This
simple, effective technique avoids the unnecessarily complex and sophisticated
techniques of interstitial implantation of radioactive wires or the even more
complex techniques necessary for conformal radiotherapy by external beams
with multi-leaf collimators from a linear accelerator. It eliminates ‘geographical
miss” and delivers radiotherapy at the earliest possible time after surgery. The



quick attenuation of the radiation dose protects normal tissues and allows the
treatment to be carried out in unmodified operating theatres. Thus, in theory, the
biological effect and cosmetic outcome could be improved. The median follow-
up time of the UK pilot feasibility study is now 36 months and there has been no

Electron beam N <+— Applicator shank
drift tube

Skin

Electron target & \1\\ JI/ .
X-ray source )j} U%—\\ Applicator sphere

Breast tissue

Shielding cap ' >~

«+— Chest wal

Fig. 2 (A) The Intrabeam system, with the X-ray source in the breast wound (tumour
bed), and the electron generator and accelerator held by the gantry. The schematic
diagram (B) shows how the target tissues are irradiated from within the breast and
how the intrathoracic structures can be protected with a thin shield.
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Fig. 3 The Intrabeam system (A), X-ray source and applicators (B). In (C), the figures
demonstrate how the target breast tissue wraps around the applicator giving true
conformal brachytherapy.

local recurrence. Including the US and Australian data,® a total of more than 100
patients have been treated with good short-term results.

The randomised trial TARGIT, which has collaboration of centres from the
UK, Europe, USA, India and Australasia, is designed to test the hypothesis that
the strategy of delivering targeted intra-operative radiotherapy in patients
eligible for breast-conserving therapy with a facility to add whole breast
radiotherapy in those patients who are at high risk of recurrence elsewhere in
the breast (e.g. lobular cancers, EIC) is equivalent to the standard 6-week
postoperative radiotherapy. In this pragmatic trial, each centre will have the
ability to decide the level of uncertainty and, therefore, the trial will be
stratified according to each centre’s decision on which group of patients will
receive whole breast radiotherapy in addition to the intra-operative dose. It is
expected that the first results of this trial will be available in 2007.



Key point 5

e Results of pilot studies using modern intra-operative
radiotherapy techniques are encouraging and several
collaborating international groups are recruiting patients in
randomised trials.

Key point 6

e Used as a boost, targeted intra-operative radiotherapy can avoid
geographical miss and has the potential to reduce local
recurrence. Used as a sole treatment for good prognosis breast
cancers, it could replace the whole 6-week course of
postoperative radiotherapy.

HEALTH ECONOMICS

Delivering intra-operative radiotherapy with Intrabeam™ prolongs the
primary operation by 15-45 min and adds 1-2 h of radiotherapy physicists’
time in preparation of the device. External beam radiotherapy, on the other
hand, costs about 9 man-hours, 6 h of radiotherapy room time and 30-60 h of
patient time. If the cost of conventional radiotherapy were £1200, considering
only the 66% saving of man-hours the novel technique would save £900 per
patient. So, assuming that 60% of the 27,000 breast cancer patients diagnosed
every year in the UK are treated by conservative surgery and intra-operative
radiotherapy, the novel technique would potentially save about £15 million
(0.60 x 27,000 x 3750) per year for the NHS in the UK. This does not include the
substantial saving of expensive resource time on linear accelerators and, most
importantly, the saving of time, effort and inconvenience to patients. This is a
very attractive aspect of novel technology that is, unlike most other ‘new’
treatments, actually less expensive than the current standard.

Key point 7

¢ Unlike most modern medical technology, some intra-operative
systems may actually save money for the health system.

Key points for clinical practice

e The usual 6-week course of postoperative radiotherapy after
breast conserving surgery has several disadvantages that reduces
its general applicability to a wide population, even amongst the
most advanced health economies.
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Key points for clinical practice (continued)

e Since local recurrence after breast-conserving surgery occurs
mainly in the area around the original primary tumour, it may be
sufficient to target adjuvant radiotherapy to peri-tumoural
tissues.

e Modern technology has allowed development of portable,
powerful radiotherapy devices that can be used in standard
unmodified operation theatres.

¢ Radiobiology of single-dose, intra-operative radiotherapy is still
being studied and the optimum dose has not been established as
yet.

e Results of pilot studies using modern intra-operative
radiotherapy techniques are encouraging and several
collaborating international groups are recruiting patients in
randomised trials.

e Used as a boost, targeted intra-operative radiotherapy can avoid
geographical miss and has the potential to reduce local
recurrence. Used as a sole treatment for good prognosis breast
cancers, it could replace the whole 6-week course of
postoperative radiotherapy.

e Unlike most modern medical technology, some intra-operative
systems may actually save money for the health system.

References

1.

2.

Moore C. On the influence of inadequate operations on the theory of cancer. R Med Chir
Soc Lond 1867; 1: 244-280.

Halsted WS. The results of operations for the cure of cancer of the breast performed at
The Johns Hopkins Hospital from June 1889 to January 1894. Johns Hopkins Hospital
Reports 1894; 4: 297-350.

. Lewis D, Rienhoff Jr WE. A study of results of operations for the cure of cancer of the

breast. Ann Surg 1932; 95: 336.

. Urban J. Management of operable breast cancer: the surgeon’s view. Cancer 1978; 42:

2066.

. Lacour J, Le M, Rumeau C et al. [International therapeutic trial comparing the value of

radical mastectomy (Halsted) and extended mastectomy (Halsted plus internal
mammary node dissection) in the treatment of breast cancer. 5-year results]. Chirurgie
1976; 102: 638—649.

. Meier P, Ferguson DJ, Karrison T. A controlled trial of extended radical mastectomy.

Cancer 1985; 55: 880-891.

. Fisher B. Laboratory and clinical research in breast cancer — a personal adventure: the

David A. Karnofsky memorial lecture. Cancer Res 1980; 40: 3863-3874.

. Early Breast Cancer Trialists” Collaborative Group. Effects of radiotherapy and surgery

in early breast cancer. An overview of the randomized trials. N Engl | Med 1995; 333:
1444-1455.

. Early Breast Cancer Trialists” Collaborative Group. Favourable and unfavourable effects

on long-term survival of radiotherapy for early breast cancer: an overview of the
randomised trials. [see comments]. Lancet 2000; 355: 1757-1770.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Athas WF, Adams-Cameron M, Hunt WC, Amir-Fazli A, Key CR. Travel distance to
radiation therapy and receipt of radiotherapy following breast-conserving surgery. | Natl
Cancer Inst 2000; 92: 269-271.

Sedlmayer F, Rahim HB, Kogelnik HD ef al. Quality assurance in breast cancer
brachytherapy: geographic miss in the interstitial boost treatment of the tumor bed. Int |
Radiat Oncol Biol Phys 1996; 34: 1133-1139.

Machtay M, Lanciano R, Hoffman J, Hanks GE. Inaccuracies in using the lumpectomy
scar for planning electron boosts in primary breast carcinoma. Int | Radiat Oncol Biol Phys
1994; 30: 43-48.

Fisher ER, Anderson S, Redmond C, Fisher B. Ipsilateral breast tumor recurrence and
survival following lumpectomy and irradiation: pathological findings from NSABP
protocol B-06. Semin Surg Oncol 1992; 8: 161-166.

Deng G, Lu Y, Zlotnikov G, Thor AD, Smith HS. Loss of heterozygosity in normal tissue
adjacent to breast carcinomas. Science 1996; 274: 2057-2059.

O'Neill JS, Elton RA, Miller WR. Aromatase activity in adipose tissue from breast
quadrants: a link with tumour site. BMJ 1988; 296: 741-743.

Nakamura J, Savinov A, Lu Q, Brodie A. Estrogen regulates vascular endothelial
growth/permeability factor expression in 7,12-dimethylbenz(a)anthracene-induced rat
mammary tumors. Endocrinology 1996; 137: 5589-5596.

Lu Q, Nakmura J, Savinov A et al. Expression of aromatase protein and messenger
ribonucleic acid in tumor epithelial cells and evidence of functional significance of
locally produced estrogen in human breast cancers. Endocrinology 1996; 137: 3061-3068.
Harrold EV, Turner BC, Matloff ET et al. Local recurrence in the conservatively treated
breast cancer patient: a correlation with age and family history [see comments]. Cancer |
Sci Am 1998; 4: 302-307.

Arriagada R, Le MG, Contesso G, Guinebretiere JM, Rochard F, Spielmann M. Predictive
factors for local recurrence in 2006 patients with surgically resected small breast cancer.
Ann Oncol 2002; 13: 1404-1413.

Turner BC, Harrold E, Matloff E et al. BRCA1/BRCA2 germline mutations in locally
recurrent breast cancer patients after lumpectomy and radiation therapy: implications
for breast-conserving management in patients with BRCA1/BRCA2 mutations [see
comments]. | Clin Oncol 1999; 17: 3017-3024.

Clark RM, Wilkinson RH, Mahoney L], Reid JG, MacDonald WD. Breast cancer: a 21
year experience with conservative surgery and radiation. Int | Radiat Oncol Biol Phys
1982; 8: 967-979.

Schnitt SJ, Connolly JL, Harris JR, Hellman S, Cohen RB. Pathologic predictors of early
local recurrence in stage I and II breast cancer treated by primary radiation therapy.
Cancer 1984; 53: 1049-1057.

Boyages ], Recht A, Connolly JL et al. Early breast cancer: predictors of breast recurrence
for patients treated with conservative surgery and radiation therapy. Radiother Oncol
1990; 19: 29-41.

Kurtz JM, Jacquemier J, Torhorst J et al. Conservation therapy for breast cancers other
than infiltrating ductal carcinoma. Cancer 1989; 63: 1630-1635.

Clark RM, McCulloch PB, Levine MN et al. Randomized clinical trial to assess the
effectiveness of breast irradiation following lumpectomy and axillary dissection for
node-negative breast cancer. | Natl Cancer Inst 1992; 84: 683—689.

Veronesi U, Luini A, Del Vecchio M et al. Radiotherapy after breast-preserving surgery in
women with localized cancer of the breast [see comments]. N Engl | Med 1993; 328:
1587-1591.

Bartelink H, Horiot JC, Poortmans P et al. Recurrence rates after treatment of breast
cancer with standard radiotherapy with or without additional radiation. N Engl | Med
2001; 345: 1378-1387.

McCulloch PG, Maclntyre A. Effects of surgery on the generation of lymphokine-
activated killer cells in patients with breast cancer. Br | Surg 1993; 80: 1005-1007.

Fisher B, Anderson S, Redmond CK, Wolmark N, Wickerham DL, Cronin WM. Re-
analysis and results after 12 years of follow-up in a randomized clinical trial comparing
total mastectomy with lumpectomy with or without irradiation in the treatment of
breast cancer [see comments]. N Engl | Med 1995; 333: 1456-1461.

J9dued 1seauq Joj Adessylroipes annesado-esyu|

179



Recent Advances in Surgery 26

180

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Clark RM, Whelan T, Levine M et al. Randomized clinical trial of breast irradiation
following lumpectomy and axillary dissection for node-negative breast cancer: an
update. Ontario Clinical Oncology Group. | Natl Cancer Inst 1996; 88: 1659-1664.
Liljegren G, Holmberg L, Bergh J et al. 10-Year results after sector resection with or
without postoperative radiotherapy for stage I breast cancer: a randomized trial [see
comments]. | Clin Oncol 1999; 17: 2326-2333.

Forrest AP, Stewart HJ, Everington D et al. Randomised controlled trial of conservation
therapy for breast cancer: 6-year analysis of the Scottish trial. Scottish Cancer Trials
Breast Group [see comments]. Lancet 1996; 348: 708-713.

Vaidya JS, Vyas JJ, Chinoy RE, Merchant N, Sharma OP, Mittra I. Multicentricity of breast
cancer: whole-organ analysis and clinical implications. Br ] Cancer 1996; 74: 820-824.
Nielsen M, Thomsen JL, Primdahl S, Dyreborg U, Andersen JA. Breast cancer and atypia
among young and middle-aged women: a study of 110 medicolegal autopsies. Br |
Cancer 1987; 56: 814-819.

Ribeiro GG, Magee B, Swindell R, Harris M, Banerjee SS. The Christie Hospital breast
conservation trial: an update at 8 years from inception. Clin Oncol (R Coll Radiol) 1993; 5:
278-283.

Polgar C, Sulyok Z, Fodor ] et al. Sole brachytherapy of the tumor bed after conservative
surgery for T1 breast cancer: five-year results of a phase I-II study and initial findings of
a randomized phase III trial. ] Surg Oncol 2002; 80: 121-128.

Samuel LM, Dewar JA, Preece PE, Wood RAB. A pilot study of radical radiotherapy
using a perioperative implant following wide local excision for carcinoma of the breast.
Breast 1999; 8: 95-97.

King TA, Bolton JS, Kuske RR, Fuhrman GM, Scroggins TG, Jiang XZ. Long-term results
of wide-field brachytherapy as the sole method of radiation therapy after segmental
mastectomy for T(is,1,2) breast cancer. Am | Surg 2000; 180: 299-304.

Perera F, Engel ], Holliday R et al. Local resection and brachytherapy confined to the
lumpectomy site for early breast cancer: a pilot study. | Surg Oncol 1997; 65: 263-267.
Vicini FA, Baglan KL, Kestin LL ef al. Accelerated treatment of breast cancer. | Clin Oncol
2001; 19: 1993-2001.

Johansson B, Karlsson L, Liljegren G. PDR brachytherapy as the sole adjuvant
radiotherapy after breast conserving surgery for T1-2 breast cancer. Program and
abstracts, 10th International Brachytherapy Conference, Madrid: Nucletron, 2000; 127.
Krishnan L, Jewell WR, Tawfik OW, Krishnan EC. Breast conservation therapy with
tumor bed irradiation alone in a selected group of patients with stage I breast cancer.
Breast | 2001; 7: 91-96.

Wazer DE, Lowther D, Boyle T et al. Clinically evident fat necrosis in women treated
with high-dose-rate brachytherapy alone for early-stage breast cancer. Int | Radiat Oncol
Biol Phys 2001; 50: 107-111.

Astor MB, Hilaris BS, Gruerio A, Varricchione T, Smith D. Preclinical studies with the
photon radiosurgery system (PRS). Int ] Radiat Oncol Biol Phys 2000; 47: 809-813.
Brenner DJ, Leu CS, Beatty JF, Shefer RE. Clinical relative biological effectiveness of low-
energy x-rays emitted by miniature x-ray devices. Phys Med Biol 1999; 44: 323-333.
Kurita H, Ostertag CB, Baumer B, Kopitzki K, Warnke PC. Early effects of PRS-
irradiation for 9L gliosarcoma: characterization of interphase cell death. Minim Invasive
Neurosurg 2000; 43: 197-200.

Chan DY, Koniaris L, Magee C et al. Feasibility of ablating normal renal parenchyma by
interstitial photon radiation energy: study in a canine model. ] Endourol 2000; 14:
111-116.

Koniaris LG, Chan DY, Magee C et al. Focal hepatic ablation using interstitial photon
radiation energy. ] Am Coll Surg 2000; 191: 164-174.

Solomon SB, Koniaris LG, Chan DY et al. Temporal CT changes after hepatic and renal
interstitial radiotherapy in a canine model. | Comput Assist Tomogr 2001; 25: 74-80.
Vaidya ]S, Hall-Craggs M, Baum M et al. Percutaneous minimally invasive stereotactic
primary radiotherapy for breast cancer. Lancet Oncol 2002; 3: 252-253.

Vaidya ]S, Baum M, Tobias JS, Houghton J. Targeted Intraoperative Radiothearpy
(TARGIT)-trial protocol. Lancet 1999; <http: / /www.thelancet.com/info/
info.isa?nl=authorinfo&n2=Protocol+review&uid=9920>.



52. Vaidya JS, Baum M, Tobias JS et al. Targeted intra-operative radiotherapy (Targit): an
innovative method of treatment for early breast cancer. Ann Oncol 2001; 12: 1075-1080.

53. Vaidya JS, Baum M, Tobias JS, Morgan S, D’Souza D. The novel technique of delivering
targeted intraoperative radiotherapy (Targit) for early breast cancer. Eur | Surg Oncol
2002; 28: 447-454.

54. Vaidya JS. A Novel Approach for Local Treatment of Early Breast Cancer. PhD Thesis,
University of London 2002; 1-242.

55. Vaidya JS, Joseph D, Hilaris BS et al. Targeted intraoperative radiotherapy for breast
cancer: an international trial. Abstract Book of ESTRO-21, Prague 2002 2002; 21: 135.

56. Veronesi U, Orecchia R, Luini A ef al. A preliminary report of intraoperative
radiotherapy (IORT) in limited-stage breast cancers that are conservatively treated. Eur |
Cancer 2001; 37: 2178-2183.

J9dued 1seauq Joj Adessylroipes annesado-esyu|

181





