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Phase II study on the use of intraoperative radiotherapy in
early breast cancer

Adnan A. Merdad, MBBS, FRCSC, Yasir A. Bahadur, MD, FRCPC, Ebab E. Fawzy, MD, PhD, Ashraf H. Hassouna, MD, PhD,
Maha M. Eltaher, MD, PhD, Zuhoor K. Alghaithy, MD, FRCSI, Fatma K. Al-Thoubaity, MBBS, FRCSI,

Camelia T. Constantinescu, MSc, PhD.
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Objectives: To report our early experience using the
Intrabeam radiotherapy delivery system for intraoperative
radiotherapy (IORT) in early breast cancer.

Methods: This is a prospective phase 2 study carried
out at the Department of Surgery and Radiology, King
Abdulaziz University Hospital, Jeddah, Kingdom of Saudi
Arabia from December 2010 to November 2012. Females

eligible for breast-conserving surgery with biopsy-proven
invasive duct carcinoma, and with a mass of €3.5 cm were
included in this study. After wide local excision, sentinel
lymph node dissection, and surgically positioning of the
appropriately sized applicator on the tumor bed, a 20
Gray (Gy) single dose was prescribed using the Intrabeam
x-ray generator. External beam radiotherapy (EBRT; 46
Gy/23 fractions/4.5 weeks) was given when the tumor
was >3 cm, with lymphovascular invasion, multifocal
lesion, extensive intraductal carcinoma, and positive
nodes. Early and late toxicity were recorded using the

Radiation Therapy Oncology Group (RTOG) criteria.

Results: Forty-five patients were included with a median
age of 54 (range: 27-79 years). Thirty-six cases (80%)
had tumor <3 cm in diameter, and 36 (67%) have
pathologically negative axillary lymph node metastases.
None of the patients developed delayed wound healing,
postoperative infection requiring intravenous antibiotic,
or breast seroma requiring aspiration. Sixteen (36%)
received EBRT after IORT. Twelve patients developed
radiologically proved fat necrosis.

Conclusion: The IORT for early stage breast cancer
patients using the Intrabeam delivery system was easily
implemented in our center with an acceptable toxicity
profile and cosmetic outcome.
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Pathological analysis of breast cancer specimens
revealed that up to 90% of microscopic remainders
is observed in an area of 4 cm surrounding the
macroscopic tumor edge."* More than 90% of recurrent
disease occurring in the breast after breast conserving
surgery is within the index quadrant.*”#* Support for
the use of accelerated partial breast irradiation (APBI)
comes from the observation that 80-90% of local
recurrences following whole breast irradiation occurring
in proximity to the original tumor bed.”!" Thus,
irradiation of the immediate vicinity of the primary
tumor could be adequate for achieving local control.!*!*
Many methods have been used for PBI like the
3-dimensional conformal radiation therapy (3DCRT),
perioperative interstitial multicatheter brachytherapy
(BT), endocavitary brachytherapy (MammoSite), and
intraoperative radiotherapy (IORT).>*!® Although 3
dimensional analysis of post-mastectomy specimens
showed that 63% of breasts harbor occult cancer foci,
with 80% of these foci situated remotely from the
index quadrant,'>'® these foci usually remain dormant
for many years or even decades, and have a low risk of
local recurrence. Retrospective analyses described lower
recurrence rates after an additional boost to the tumor
bed following whole-breast irradiation with 50 Gray
(Gy)/25-28 fractions/5-5.5 weeks. By the additional
use of an electron boost of 10-16 Gy (5-8 x 2 Gy), or
alternatively interstitial implants (HDR-brachytherapy)
local recurrence rates were halved.'*'® Compared to
squamous cell carcinoma (SCC), breast cancer seems to
show a different sensitivity toward higher single doses.
In 1989, Fowler" postulated an o/ ratio of 4 for breast
cancer as its best approximation instead of 10 for most
SCC. This value was strongly supported by the clinical
outcome of Canadian and British Hypo fractionation
Trials.***" A lower ratio results in higher sensitivity
against higher doses per fraction, an argument clearly
in favor of IORT. A major advantage of an immediate
boost during surgery is the close proximity of the walls
of the surgical cavity because no fluid will artificially
enlarge the volume at risk by spherical distension.
Another advantage of IORT is the better localization
of the tumor bed compared to other techniques guided
either by ultrasound (US) or by the surgical scar, which is
not always in direct relation to the tumor bed. There are
different technical approaches, with the term “IORT”

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.
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used for the following techniques: a low-kV orthovolt
system (Intrabeam) and intraoperative radiotherapy
with electrons on mobile, or standard linear accelerators
(IOERT). The current study has been carried out using
the Intrabeam method of IORT, which consists of a
miniature electron-driven low-kV energy x-ray source,
emitting an isotropic x-ray spectrum at low energy (50
kV). For breast irradiation, spherical applicators chosen
according to the excision cavity’s size are put at the
top of the source; a point source at the center within
a spherical applicator.”* In this paper, we report on
our early experience using the Intrabeam radiotherapy
delivery system as a modality for IORT in early breast
cancer patients.

Methods. This is a prospective phase 2 study carried
out at the Department of Surgery and Radiology, King
Abdulaziz University Hospital, Jeddah, Kingdom
of Saudi Arabia from December 2010 to November
2012. The institutional review board approved the
study, and written informed consent was obtained from
every patient. All female patients with biopsy proven
invasive duct carcinoma (IDC) and clinical mass <3.5
cm, unifocal, unicentric based on radiological data
(mammogram+US+MRI) that are eligible for breast-
conserving surgery were included. Patients should be
available for follow up and competent in this regard.
Excision of the breast mass with pathologically proven
negative margin (gross examination and frozen section
during surgery was performed) and sentinel lymph
node dissection was carried out; axillary lymph node
dissection (ALND) was completed only when the
sentinel node was positive. Frozen section was sent
to the pathology lab for evaluation. Patients with
adequate surgical margins (not reaching the inked
margin) were included; those who needs revision will
be included if they turned to have negative margins by
wider excision in the same surgical session. Skin-to-
surface of applicator distance should be at least 1cm.
Subcutaneous tissue flaps were created to accommodate
the radio-applicator within the tumor bed and maintain
the appropriate skin-to-surface of applicator distance of
>one cm. The skin was retracted at least 1 cm from the
applicator surface-shaft interface using sterile gauze and
sutures (Figure 1). Purse string nylon suture was used to
fix the lumpectomy cavity around the applicator. After
surgically positioning the appropriately sized applicator
in the tumor bed and thin lead rubber sheets were used
on the surface to minimize radiation scatter (Figure 2),
radiation is switched on. Radiation dose was prescribed
to the applicator surface and delivered using 50 kV
x-rays with the Intrabeam miniature X-ray generator
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(Carl Zeis Surgical, Oberkochen, Germany). The surface
of the tumor bed typically receives a single dose of 20
Gy that attenuates to 5-7 Gy at one cm depth. Patients
were then referred to systemic adjuvant chemotherapy
(if indicated). External beam radiotherapy (EBRT) to
the breast (+ supraclavicular/axillary nodes) was given
for patients with these features: tumor size >3 cm,
lymphovascular invasion (LVI), multifocal lesion/s with
area of >3 cm but unicentric, extensive DCIS (>25%,
or >3cm), and lymph nodes metastasis. The EBRT was
initiated after completion of wound healing and/or 3
weeks from the last day of chemotherapy. Planning has
been carried out for 3DCRT after doing CT-simulation
in the treatment position. Patients were given 46 Gy/23
fractions /4.5 weeks using 2 tangential breast fields and
photons in the range of 6-18 MV. The first follow up
visit would be 3 months after radiotherapy, then every
6 months for 5 years, then yearly. During each visit,
clinical examination and evaluation of late radiation
toxicity will be carried out as per RTOG late radiation
toxicity scale?* Routine mammography would be
ordered every 6 months during the first 2 years, and
yearly after that. The MRI has been ordered as per
radiologist’s request. Other investigations (CT scan or
bone scan) will be ordered only when indicated.

All patients’ demographics, staging and pathological
data were documented and entered as basic patients’
characteristics.  Treatment related outcome was
documented and evaluated in terms of toxicity (acute
and late). All statistics were recorded using the Statistical
Package for Social Sciences version 11.5 (SPSS Inc,

Chicago, IL, USA).

Results. Forty-five female patients with breast
cancer were included in this study. Table 1 show the
patient and tumor characteristics. Median age was 54
years (range: 27-79 years) and the majority of them
were more than 45 years (n=37; 73.3%). Most of the
patients (36 cases; 80%) had tumor <3 cm in diameter,
while only 9 cases (20%) had tumor size >3 cm. The
majority of cases had pathologically negative axillary
lymph node metastases (30 cases; 67%), while only
15 patients (33%) had positive nodes. The median
size of the applicators used was 4 cm (range: 3-5 cm).
Most of the patients (n=29; 64%) received IORT
only, while 16 patients (36%) received EBRT after
IORT. Post-operatively, none of the patients developed
clinically significant complications as skin breakdown,
delayed wound healing, infection needing intravenous
antibiotics or surgical intervention, seroma needing
aspiration, or hematoma needing surgical evacuation,

except one patient (2.2%) developed RTOG grade 3

Figure 1 - An Intrabeam applicator inside the tumor bed. The skin was
retracted at least one cm from the applicator surface-shaft
interface using sterile gauze and sutures.

Figure 2 - The Intrabeam applicator inside the tumor bed with thin lead
rubber sheets placed on the surface to minimize radiation
scatter.

toxicity (moderate to severe skin erythema). With a
median follow-up of 18 months (range, 2-24 months),
none of our patients developed local or distant relapse.
Twelve patients proved to have fat necrosis on the
follow up mammography (5 of them had also MRI, as
per radiologist request). Two patients only underwent
biopsy of the suspected lesion, and histopathology
revealed fat necrosis without evidence of malignant
cells. Seven patients developed late radiotherapy skin
effect in the form of skin thickening that was evident on
radiological imaging. Because of the small number of
patients, we could not evaluate the correlation between
the incidence of late toxicities and EBRT, IORT
applicator size, or tumor size.

Discussion. One of the largest trials concerning
IORT with low-energy x-rays was the TARGIT
(targeted intraoperative radiotherapy) trial.> In this
study, 1113 patients were randomly allocated to targeted
IORT and 1119 to EBRT. Out of 996 patients in the
IORT group, 854 (86%) received targeted IORT only,
and 142 (14%) received targeted IORT plus EBRT.
At 4 years, there were 6 local recurrences in the IORT
group, and 5 in the EBRT group. Local recurrence in

Saudi Med J 2013; Vol. 34 (11) 1135
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Table 1 - Patient and tumor characteristics in a study carried out at ~ Table 2 - Differences between the results of our study and TARGIT trial’.
the Department of Surgery and Radiology, King Abdulaziz

University Hospital, Jeddah, Kingdom of Saudi Arabia. Characteristics Our study (n=45) TARGIT trial
Age, years (n=1113)
Features n (%) <45 11 (24.4) 17 (1.5)
Age, years >45 34 (75.5) 1096 (98.4)
Mean + SD 53.33 £+ 12.5 Pathological tumor (n=1056)
Range 27-79 size, cm
25035 . 133) ) 21 (46.6) 912 (86.3)
35-<45 6 (133) . ;imtm #4633 léi 1(;;)
45-55 16 (35.6) Positive 15 (33.3) 193 (18.2)
55-65 10 (222) Negative 30 (66.6) 866 (81.7)
>65 7 (15.6) LN - lymph node, TARGIT - targeted intraoperative radiotherapy
Pathologic tumor size, cm
Mean + SD 2.3+ 1.06
Range 1-5
<3cm 36 (80.0) the conserved breast at 4 years was 1.2% (95% CI:
>3 cm 9 (20.0) 0.53-2.71) in the targeted IORT, and 0.95% (95% CI;
Histopathological type 0.39-2.31) in the EBRT group (p=0.41). The frequency
Invasive duct carcinoma 42 93.4) of any complications and major toxicity was similar in
Invasive lobular carcinoma 2 (4.4) the 2 groups (for major toxicity, targeted IORT (3.3%)
(_)thcr opes ! @2) versus EBRT (3.9%), p=0.44). Radiotherapy toxicity
Histopathological grade .
Crade 1 o5 2 38 (84.40) (RTOG grade.S) was lower in the targeted IORT group
Grade 3 . (15.6) (0.5%) than in the EBRT group (2.1%) (p=0.002).
Lymphovascular invasion None of our patient developed local recurrence with
Absent 36 (80.0) median follow-up of 18 months, however, longer
Present 9 (20.0) follow up is needed to report treatment outcome for our
Extensive DCIS patients. In the current study, only toxicity criteria have
Absent 41 1.1 been evaluated, as the follow-up period is too short to
Present 4 (88.9) evaluate survival data. Due to cultural issues, evaluation
Lymph node disscction of cosmetic outcome by photography or third party was
SLND only % 6.7 not allowed. All patients achieved at least acceptable
ALND after SLND 15 (33.3) . . . . .
Pathologic nodal status cosmetic outcome according to the patient or physician
NO 30 (66.7) judgment.
N1 13 (28.9) Post-operatively, the TARGIT trial reported
N2 2 (4.4) clinically significant complications,’ as skin breakdown
Estrogen receptor status or delayed wound healing (2.8%), infection needing
Positive 37 (82.2) intravenous antibiotics, or surgical intervention (2.8%),
Negative 8 (17.8) seroma needing aspiration (2.8%), or hematoma
Her2 receptor status needing surgical evacuation (2.8%), and RTOG
Positive 6 (13.2) grade 3 or 4 toxicities (0.5%). Through our limited
Negative 39 (86.8)

experience, none of these complications was reported

Intrabeam applicator size . . .
in our patients, except one patient who developed

3cm 5 (11.0) ) . . X
3.5 cm g (17.8) RTOQ grade 3 oxicity. Data still accumt‘llatmg proving
4 cm 9 (20.0) effectiveness of single dose IORT using Intrabeam
4.5 cm 7 (15.6) cither in patients having early breast cancer,>'***%% or
5 cm 16 (35.6) as a boost.”*® Most of the available reports came from
EBRT after IORT centers located outside our region, and concerning
Not given 29 (64.4) patients whose tumor characteristics and biological
Given : 10 356 behavior may differ significantly from ours. As shown
SD - stflndard deviation, .DCIS. - ductal carcinoma in-situ, SLND by regional investigators, breast cancer among Saudi

- sentinel lymph node dissection, ALND - axillary lymph node . X

dissection, EBRT - external beam radiotherapy, IORT - intra-operative patients occurs at an earlier age, and more advanced
radiotherapy stage than in western countries.””?' A median age of 46

1136 Saudi Med J 2013; Vol. 34 (11)  www.smj.org.sa
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years was reported for stage III of breast cancer, which
is distinctly different from the 60-65 years median age
in Western communities.”® Recent reviews established
that in Arab countries, the average age at presentation
of breast cancer is 10 years earlier than in Western
countries. Median age at presentation is 48-52 years,
with 50% of cases in women younger than 50 years,
compared with 25% in developed countries. Due to
various socio-economic factors, advanced disease is
commonly seen at diagnosis.*>* We have also noticed
significant differences regarding patients and tumor
characteristics between our study and TARGIT trial, as
presented in Table 2.

Recently, Abulkhair et al® suggested several
modifications to the current National Comprehensive
Cancer Network (NCCN) Clinical Practice Guidelines
in breast cancer for use in the Middle East and North
Africa (MENA) region, especially those related to risk
factor profiles specific to this region. In this regard, the
effectiveness of IORT using low kV x-rays should be
tested on larger trials, adapted to our patients typical
features. It should be mentioned that TARGIT was
designed as a randomized, phase 3 trial of partial breast
irradiation for selected patients with early breast cancer
(T1 and small T2), older than 45 years, and tumor size
<3 cm. However, we decided to include patients of any
age and with tumor size up to 3.5 cm, with the intention
to use IORT not only for partial breast irradiation, but
also as the optimal technique to deliver a radiation
boost to the tumor bed in contrary to other techniques
guided by US or the surgical scar. Consequently, the
number of patients requiring post-operative EBRT
was higher in our study (16/45 [36%]), compared
to TARGIT trial (142/996 [14%]). The biological
effects of a single high dose of radiation are complex
and not yet completely clarified, but it is generally
assumed that steep radial dose gradient implies reduced
tumor cell control with increasing depth in the tumor
bed. Recent biological models analyzing the repair of
sublethal lesions during protracted irradiation showed
that for the case of Intrabeam, can be defined a “sphere
of equivalence,” within which the risk of recurrence
is equal to that after fractionated EBRT, therefore the
increase in local control in the high-dose region near
the applicator compensates the reduction of local
control at greater distances.’* In an experimental study,
Belletti et al*® tested the wound fluid collected in the 24
hours interval immediately after lumpectomy, with or
without Intrabeam IORT, for its capability to stimulate
proliferation and motility of breast cancer cells. They
found that while normal wound fluid was stimulatory,
fluid collected from patients who received IORT was

not, proving that IORT had a beneficial effect. It was
assumed that the increased speedy wound healing is the
highest in patients below the age of 45, and conventional
radiotherapy delivery may be too late to have its effect
on tumor microenvironment. Accurately irradiating
the tumor beds of young patients with a boost at the
right time may give superior results. In older women,
the effect of IORT on tumor microenvironment
would increase the sphere of equivalence, allowing the
omission of EBRT.*”

This is one of the earliest reports of IORT using
the Intrabeam delivery system in the Middle East. This
study is limited by the small number of patients and
short follows up. We found that the feasibility of this
technique and the low complication rate reported in
our limited early experience will encourage others to
incorporate this treatment modality in their routine
radiotherapy practice. As this modality can decrease the
treatment time to only one day for patients having early
breast cancer, it would considerably help a large number
of patients, especially those coming from remote
areas seeking radiotherapy treatment. Also, it could
significantly decrease the workload on the radiotherapy
centers, which are already few in our region.

In conclusion, the IORT using low kV X-rays was
easily implemented in our center, with an acceptable
toxicity profile. For more robust data regarding
toxicity, disease control, and survival, a higher number
of patients and longer follow-up is needed.
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