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Abstract

Purpose: To quantify the impact of immediate reconstruction on radiotherapy planning after modified radical
mastectomy & to study radiotherapy complications.

Patients and methods: After surgery, patients submitted to adjuvant radiotherapy with irradiation technique
assessment using a semi-quantitative score evaluating the design of radiation fields including five objectives:
breadth of chest wall coverage, homogeneity, minimization of lung irradiation, avoidance of heart and Dmax. with
assessment of radiation morbidity.

Results: 30 patients were enrolled at Bristol Haematology & Oncology Centre (UK) and Oncology Department,
Ain Shams University hospitals (Egypt) between November 2007 and November 2009, with a mean follow up of 14.4
months. 27 patients (90%) had Latissimus Dorsi flaps & 3 (10%) had TRAM flap. The analysis revealed compromise
in 24% of the plans; all are moderate compromise. Reconstruction was noticed to compromise chest wall coverage
in 27%. Dose homogeneity, Dmax. and minimizing irradiated lung and heart were not affected. Compromises were
more common in left side while complications were grades 1 and 2 without major morbidities.

Conclusion: Immediate reconstruction may limit treatment planning of postmastectomy radiotherapy, particularly
in providing adequate chest wall coverage; so candidate patients for immediate reconstruction should be aware that
the presence of the reconstructed breast could cause technical difficulties.

Keywords: Breast cancer; Breast reconstruction; Post mastectomy
irradiation

Introduction

Radiation therapy is an integral part of the multimodality treatment
of breast cancer and in the recent years, there has been increasing
evidence from prospective randomized trials and large meta-analyses
supporting greater utilization of radiation therapy for patients at high
risk for local-regional relapse after mastectomy [1]. Today, there is
broad consensus on indications for postmastectomy radiation that
make approximately one-third of patients eligible for treatment after
mastectomy [2]. With an increase in indications for postmastectomy
radiation, there will be an increased need to consider the special
implications of combining radiation with breast reconstruction.

Implants now come in a variety of forms including expander
prostheses, with or without detachable valves for one and two stage
procedures. The move to less radical mastectomy that spares the
pectoralis fascia and acceptance of skin-sparing mastectomy has
increased the number of women eligible for implant reconstruction.
While there has been considerable progress in the past decade in
developing pedicle and free tissue transfer to provide options for
women not candidates for or not desiring implants [3].

Immediate reconstruction in general is associated with many
advantages to the patient compared with delayed reconstruction.
Immediate timing during the mastectomy will provide the patient
with an important cosmetic and psychological benefit, not awaking
from mastectomy with a complete absence of a breast. Delaying
reconstruction until after completion of all adjuvant chemotherapy
and radiation may translate into a patient waiting 6-9 months for the
procedure [3].

Immediate reconstruction is also associated with avoidance of

a second operation with its associated risks including anesthesia
infection and other perioperative complications. The inconvenience
and cost of a second hospitalization is also avoided [3]. Although
immediate breast reconstruction is ideal for many patients, there
are two significant disadvantages with this approach in patients with
locally advanced breast cancer. First, radiation can affect the aesthetic
outcome of the reconstructed breast [4]. Fat necrosis may occur and
may lead to volume loss and hardening of the reconstructed breast
and particularly occurs when radiotherapy is given after immediate
breast reconstruction using free tissue transfer of skin and fat only
(e.g. deep inferior epi-gastric perforator; DIEP flap) [5]. The second
major issue with immediate reconstruction concerns the design of
radiation fields. The randomized trials showing a survival advantage
with postmastectomy radiation included the chest wall, internal
mammary lymph nodes, axillary apex and supraclavicular lymph nodes
within the radiation fields [4]. To include these targets and minimize
dose to the heart and lung, a medial chest wall electron beam field is
typically matched to more laterally placed opposed tangent fields. This
arrangement is not feasible after reconstruction because the sloping
breast contour leads to an imprecise geometric matching of the fields.
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Alternative field arrangements require either exclusion of the internal
mammary lymph nodes as a target volume or acceptance of an increase
in the volume of normal tissue irradiated, with a possible increase in
the risk of complications [4].

Radiotherapy and breast reconstruction are not incompatible,
but careful consideration of their relative timing and technique is
important. How to optimally sequence postmastectomy radiation and
breast reconstruction is a subject of ongoing research and innovative
approaches are still needed to further facilitate patient’s quality of
life without compromising their treatments. Plastic surgeons should
counsel patient’s before starting their cancer disease treatment and
those who choose to have reconstruction need to be informed about
risks for specific complications associated with the procedure [6].

Aim of the Work

To quantify the impact of immediate breast reconstruction
on radiation therapy planning among breast cancer patients who
underwent modified radical mastectomy and to study the actuarial
incidence of acute and late complications of irradiation.

Patients and Methods

The present study included a cohort of 30 patients with invasive
breast cancer enrolled at the Bristol Haematology and Oncology centre
(UK) as well as Oncology department, Ain Shams University Hospitals
during the period from November 2007 till November 2009 (patients
accrual 2007- June 2008, follow up till November 2009). All the patients
were scheduled to undergo modified radical mastectomy, axillary
lymph nodes dissection and immediate breast reconstruction with
autologous flap followed by radiation to the chest wall and regional
lymphatics if indicated. Systemic neoadjuvant and/or adjuvant therapy
if needed was given according to individual patient’s characteristics.

Eligibility criteria
Female with histologically confirmed invasive breast cancer:
Patients in whom postmastectomy radiotherapy is indicated: Tumor

size > 5cm and/ or pathologically proven axillary lymph node metastasis
in more than 3 lymph nodes or positive / close surgical margins.

Age: 18-70 years
ECOG performance status (PS) 0-2

Fit for adjuvant chemotherapy (if indicated), adjuvant endocrine
therapy (if indicated) and postoperative irradiation.

A total mastectomy, immediate breast reconstruction with
autologous flap and axillary clearance or sentinel lymph node biopsy
should be carried out.

All patients must be submitted to full history, complete clinical
examination with assessment of ECOG performance status, Laboratory
examination including full blood count, liver function tests, renal
function tests and radiological work up in the form of Chest X-ray
or CT scan, Pelviabdominal ultrasonography or CT (if indicated),
Bone scan (when indicated) and Contra lateral mammography &
Ultrasonography (if not done in the last 6 months). In addition to
the histopathological examination and assessment of estrogen &
progesterone receptors status and HER-2 neu overexpression using
immunohistochemical assay, then staging was done according to AJCC
TNM Staging System (2002).

After undergoing modified radical mastectomy and immediate
breast reconstruction patients submitted to adjuvant
chemotherapy (when indicated) and adjuvant radiotherapy including
assessment of radiotherapy technique as well as regular assessment
of acute and late radiation morbidity. In patients not receiving
chemotherapy, radiotherapy was started within 4-8 weeks after the
date of mastectomy while those patients receiving chemotherapy,
radiotherapy was started within 6 weeks of the end of chemotherapy
and 6 months of mastectomy. All chemotherapy was given before
radiotherapy.

were

Simulation and treatment planning

All patients were simulated for the planning of chest wall irradiation
in the supine position. Immobilization and fixation were achieved via
breast board device (breast wedge); arm pole and orthogonal laser
beams to ensure reproducibility of daily setup and to minimize errors.
A simulator CT through the centre of the Planning Target Volume
(PTV) was used. Treatment was delivered by a pair of tangential fields
with wedges as necessary. The entire reconstructed breast and chest wall
were included in the irradiated volume which extended medially to the
midline or 1cm lateral to the midline if internal mammary inclusion
is required, laterally to the mid axillary line and inferiorly to 1-2cm
below the level of the inframammary fold and superiorly to the angle of
Louis at the level of the second rib when combined with supraclavicular
field and at the head of the clavicle if no supraclavicular portal was
used. Where a level II axillary clearance has been performed and the
axillary nodes are pathologically involved, a single direct anterior field
covering the supraclavicular fossa and the apex of the axilla was given.
The anterior supraclavicular field was angled 5-10 degrees laterally to
avoid the spinal cord. Radiotherapy Dosage and fractionation: 50 Gy in
25 daily fractions over 5 weeks (2 Gy/fraction, 5 fractions/week) using
6 MV megavoltage photons beam.

Assessment of acute and late radiation morbidity

Acute and late morbidity of radiotherapy were assessed using the
EORTC/RTOG [7] scale weekly during treatment and at the end of the
course of radiotherapy. Subsequent assessments were carried after 3
months then every 6 months for 24 months. Acute side effects which
were assessed include:

1) Acute skin and flap morbidity: Erythema, dry/wet desquamation,
edema, ulceration, wound infection, dehiscence, flap loss and
skin necrosis.

2) Acute lung morbidity: cough, dyspnea, respiratory insufficiency.

3) Acute cardiac morbidity: ECG abnormalities, congestive heart
failure, angina pectoris, pericardial disease, arrhythmias.

Whereas late complications which were assessed include:

1) Late skin and flap morbidity: skin atrophy, hyperpigmentation,
ulceration, telangiectasia and fat necrosis.

2) Late lung morbidity: fibrosis, pneumonitis, fever, radiographic
changes, need for oxygen assistance.

3) Late cardiac morbidity: ECG abnormalities, tachycardia, heart
failure, angina pectoris, pericardial disease, arrythmias, cardiac
enlargement. Acute and late morbidities were assessed while
the patient is on treatment by history and clinical examination
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& ECG if needed while post treatment assessment included No point 1.0 Point
. . C Objective N -0.5 Point deduction § .
history and medical examination every 3-6 months. Chest deduction deduction
X-ray and/or chest CT every 6-12 months in addition to ECG / Covered from mid | If medial or lateral If medial and
Echocardiography every 12 months. Chest wall sternum medially, |coverage is not at least C(I)?Ifrfle
. . coverage to mid axillary line | to the mid sternum or are deﬁc?ent
Assessment of radiotherapy technique laterally. mid axillary line ;
(displaced by = 10mm) (dlsalgﬁ]er:)by z
A semi-quantitative scoring tool was used to assess the design
of postmastectomy radiation fields. This system assesses five basic Dose
objectives of postmastectomy radiotherapy, as follows: (1) breadth of homogeneity in +-<T% +/- 8-12% +->12%
chest wall coverage, (2) dose homogeneity across the planning target sgmz;,‘iletarget
volume, (3) minimization of lung irradiation, (4) avoidance of heart
structures and (5) Dmax. The scoring system we devised (Table 1) is a Less than 2-cm Mo )
R R R R S B aximal lung Maximal lung
modification of the MD Anderson cancer centre scoring system which :\"'”'m'zac;‘!Otr_‘ of | of '”Ing (tjh_'CK’;"eS‘i thickness is 2 cm thickness
o . . ng irradiation | involved in ches X
assessed four objectives: chest wall & internal mammary chain coverage ung trradiat ' v\\:allvtanlgential >2 cm; but <3 cm is >3 cm
and minimization of lung and heart [8] The primary radiotherapy plans fields
were scored in each category. Each objective was equally weighted. An Avoid . Hoartis enfirl If <1 cm of left If t>j|cr_n (t)f Ietftd
“optimal” plan is that receiving < 1 point deduction. Plans receiving hgglrt ance o eiiluaseir};;;y ventricle is within | V""'° eif reate
1.5 point or more deductions were considered to be “compromised.” tangent fields the tangent fields tangent fields
Plans with 1.5 to 2 point deductions were considered as “moderately” D max <110% 110% - 115% >115%
compromised and plans with 2.5 or more point deductions were Table 1: Radiotherapy plan scoring system guidelines.
considered to have “major” compromises. In any particular patient the
choice is based on the technique that provides the maximal therapeutic Characteristics Number Percent
index for a particular patient’s anatomy and disease. In patients who Tumour grade
. . . . . . 1 44 13
had right side breast cancer, there is no risk of including part of the 2 12 40
heart. The postmastectomy radiotherapy objectives were modified 3 14 47
in this subgroup as a result. These plans were scored out of 4 points Tumour Stage
(breadth of chest wall coverage, lung minimization, dose homogeneity ; 161 gg
and Dmax). To keep all of the patients on the same scoring system and 3 13 43
to treat all patients equally, we took deductions rather than awarding Lymph nodes Status
points so that scores could be compared on the basis of their deductions (1) s 183 i;
rather than on their total score. >3 9 30
Data management Surgical Margin involvement 1o 6
Patients were identified from outpatient breast clinics, simulators *or<imm n 87
. . Hormone Receptor Status
and physics department at Bristol Haematology and Oncology Centre negative 9 30
as well as Oncology department, Ain Shams University Hospitals positive 21 70
(Egypt). Data collection started 11/2007 using data collection forms Her2 neu status
were used. Data collected was then analyzed, revised, verified then n 255 ?3
edited on PC. P
Lymphovascular invasion
Results N 2 Z;
The present study included a cohort of 30 patients with invasive l';llenstrual statlus 1 a7
breast cancer during the period from November 2007 till November P;ir:]n?;?gs:j:al 16 53
2009 (patients’ accrual November 2007- June 2008, follow up till Type of Flap used
November 2009). Follow up duration was 5-24 months with a mean Latissimus Dorsi 27 90
of 14.4 months. TRAM 3 10
Treated side
Demographics Right 17 57
Left 13 43

Patient and tumour characteristics are summarized in (Table 2).

The results revealed that the age ranged from 30 to 64 years with
mean of 52 years (Table 3).

Assessing and scoring postmastectomy radiotherapy plans

A scoring system was used to assess optimal radiotherapy
planning using five parameters (Table 1). Of the 30 radiotherapy
plans scored after reconstruction, 76% (23/30) had “optimal scores” (0
- 1 point deduction), example in Figure 1. 24% (7/30) had moderate

Table 2: Patient and tumour characteristic.

compromises (>1- 2 point deductions) and none (0%) had major
compromises (more than 2 point deductions) (Table 4).

Point deductions

A full point was deducted for shifting medial and lateral borders.
Half point was deducted for irradiating more than 2cm of lung volume

and 0.5-point deduction was given for dose homogeneity of 11%. No
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deductions were made for including the heart. Optimal chest wall
coverage, dose homogeneity, minimization of lung exposure, avoidance
of heart structures and Dmax <110% were achieved, respectively, in
73%, 13%, 90%, 92% and 100% of the radiotherapy plans in the studied
cohort as shown in (Table 5).

When side of the index cancer was assessed, 14 plans (82%) of
right-sided breast cancers with immediate breast reconstruction and 9
plans (79%) of the left side were considered optimal.

Chest wall coverage: Complete chest wall coverage within the
tangent fields was achieved in 22 plans (73%). 8 plans (27%) had
incomplete chest wall coverage. Plans with less than 100% chest wall
coverage were due to shift in either the medial or medial & lateral
borders. Medial border was shifted in 5 plans while 3 plans had both
borders shifted.

Dose homogeneity in planning target volume: In our study dose
homogeneity of < 7% was noted in 4 plans (13%). 22 plans (74%) had
+/- 8-12% and 4 plans (12%) had +/- > 12% dose homogeneity within
the PTV (Table 6).

NB: Although 26 (87%) of the plans had non optimal dose
homogeneity according to the study protocol, yet 22 of these (74%) had
a dose homogeneity of 12% which is considered clinically satisfactory
and is acceptable according to ICRU report 50 [9].

Age in years No. %
30-40 5 17
41-50 10 33
51-60 9 30
61-70 6 20

Table 3: Age distribution in the studied groups.

Figure 1: An optimal treatment plan of the left breast received no point
deductions in chest wall coverage, minimization of lung volume and avoidance
of heart.

Score Number of plans (percent)

Markedly compromised

- 3 point deduction

0/30 (0%)

- 2.5 point deduction 0/30 (0%)
Moderately compromised - 2 point deduction  2/30 (7%)

- 1.5 point deduction 5/30 (17%)
Optimum plans - 1 point deduction  3/30 (10%)

- 0.5 point deduction |16/30 (53%)

No point deduction

4/30 (13%)

Table 4: Frequency of treatment planning scores by deductions.

Objective
Chest wall coverage

Number of optimum plans
22/30 (73%)
4/30 (13%)
27/30 (90%)
12/13 (92%)
30/30 (100%)

Dose homogeneity in planning target volume

Minimization of lung irradiation

Avoidance of heart
Dmax <110%

Table 5: Frequency of optimum treatment plans in the studied parameters.

tDa?;:t Cglr:rc:‘%enelty in planning No. %
+- <7% 4 13
+- 8-12% 22 74
+->12% 4 13

Table 6: Dose homogeneity in planning target volume.

'fl;:ligls(ness of heart in tangent No. %
Entirely excluded 12 92
<1cm 1 8
>1cm 0 0

Table 7: Thickness of heart included in tangent fields in left sided breast plans.

Depth of lung involved in tangents: Only 3 plans (10%) had
compromised minimization of lung irradiation by irradiating lung to a
depth of 2-3cm while 27 plans had optimal minimization. None of the
plans in the studied cohort had lung irradiation to more than 3cm. Of
note is that 2 of the 3 compromised plans had Pectus Excavatum which
is not a common presentation.

Avoidance of heart: Of all the patients with left-sided breast
cancers who were studied (n=13), only 1 plan (8%) had part of the
left ventricle fields. In the involved to less than 1cm thickness in the
tangent remaining 12 plans (91%), none of the heart structures were
included (Table 7).

Dmax: Among the 30 plans none had a maximum dose of more
than 110% of the prescribed dose. No points were deducted for this
parameter in any of the plans in the current study.

Treatment Morbidities

No treatment related mortality was recorded in the 30 patients
included in our series and none experienced a major (grade 3-4)
treatment related complication.

Acute and late radiation morbidity

Regarding the acute skin reactions, the treated skin area was
evaluated during treatment and in every follow up visit. Reactions were
classified using the RTOG scale. Acute skin reactions were reported
in 26 patients (87%). Most common side effect was erythema which
was seen in 14 patients (47%) and was mostly faint grade 1 erythema.
Mild edema was noted in 8 cases (27%). Grade 1 dry desquamation was
seen in 7 patients (23%) while Grade 2 reaction was seen in 4 patients
(13%) in the form of moderate edema in 2 patients and patchy moist
desquamation mainly in the inframammary fold in 2 patients. The
reported side effects did not limit continuity of radiotherapy treatment.
Grades 3 and 4 were not seen in any of the studied cases.

Late skin radiation effects were seen in 37% (11 patients). Most
frequently seen late morbidity was hyperpigmentation of the skin which
was noted in 6 patients (20%) followed by skin atrophy and firmness
of the reconstructed breast seen in 2 and 3 patients respectively (17%).
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Telangiectasia (grade 2) was noticed in 1 patient (3%). Grades 3 and 4
were not seen in any patient. Reconstructed flap loss was not reported
in the present series.

Lung toxicity: 13 patients (43%) had chest X-ray (10) /CT (3)
performed during the follow up period. None of these showed
radiological signs of acute pneumonitis. Of the 30 studied cases only
1 (3%) had symptoms of pneumonitis in the form of mild dry cough
defined as grade 1 not requiring treatment. When treatment plan was
reviewed this patient was found to have been treated with 2 tangents
and supraclavicular field. The depth of lung involved in the tangential
field was 1.9cm.

Cardiac toxicity: Of the 13 studied left breast cancer cases 4 (30%)
had follow up with echo and/or ECG. These are patients who were also
receiving adjuvant Trastuzumab. None of the 4 cases had symptoms or
signs of acute cardiac morbidity. No ECG changes were noted in the
studied cases. 1 patient (8%) had a decline in the left ventricular ejection
fraction by 11% (from 68% to 57%) at 18 months post radiotherapy. On
reviewing her radiotherapy plan, although she had left side disease yet
the heart was entirely excluded from the tangential fields. Trastuzumab
could be the likely cause due to its known cardiotoxicity. No symptoms
of late cardiac toxicity were noted in the 13 left breast cancer patients.

Discussion

Immediate breast reconstruction offers several advantages as it
is an oncologically safe approach in early stage disease improves the
quality of life and can be done contemporaneously as mastectomy. Also
it lowers psychosocial morbidity by eliminating the need to experience
deformity after mastectomy. Other advantages are superior cosmetic
results, decreased surgical morbidity and lower cost [10].

Multiple meta-analyses suggested a significant association between
postmastectomy radiation therapy and cardiac mortality [11]. Most
radiation oncologists attribute this relationship to techniques that
irradiate part of the cardiac silhouette in the tangential fields. The
Stockholm group was one of the first to quantify cardiac volume
irradiated, dose received and relation to cardiac damage. As the left
anterior descending artery is located on the epicardial surface, even
minimal cardiac irradiation may subject sensitive targets to high
radiation doses [12]. Radiation therapy can also induce pneumonitis
and pulmonary fibrosis. The frequency of the effects and their relation
to different radiotherapy techniques has been studied more in patients
with intact breast than after mastectomy. Nonetheless, the frequency
of these effects is related to the volume of lung irradiated, dose per
fraction, use of chemotherapy and whether the internal mammary
chain was included in the tangential radiation field [13].

When anatomic constraints limit the ability to design a radiation
treatment plan that completely covers the regions at risk and
simultaneously avoids critical structures, some kind of compromise
must be considered. This compromise may be more notable in the
presence of a reconstructed breast flap. Although immediate breast
reconstruction was shown to be superior compared to other techniques
of breast reconstruction by many authors, unfortunately, immediate
breast reconstruction and postmastectomy radiation therapy may
interact unfavorably with one another. Reconstructions that are
subsequently irradiated may have inferior esthetic outcomes and higher
complication rates [14]. Also it may pose challenges to optimizing
radiotherapy planning and some groups described technical difficulty
in delivering PMRT in this subset of patients [15].

The first study to measure the potentially deleterious effect
of immediate breast reconstruction and the technical delivery of
postmastectomy radiotherapy was carried by Motwani et al. [8] in 2006.
In their study 112 treatment plans of patients who had mastectomy
with immediate reconstruction with autologous flap followed by
radiotherapy were compared with contemporaneous stage-matched
patients who had undergone mastectomy without intervening
reconstruction. They scored every individual treatment plan to assess
whether optimal radiotherapy planning was achievable using four
parameters: treatment of the ipsilateral internal mammary chain,
breadth of chest wall coverage, minimum involvement of the lung and
avoidance of heart. Of the 112 PMRT plans scored after reconstruction,
52% had compromises compared with 7% of matched controls (p <
0.0001). Optimal chest wall coverage, treatment of the ipsilateral
internal mammary chain, lung minimization and heart avoidance
was achieved in 79%, 45%, 84% and 84% of the plans in the group
undergoing immediate reconstruction, compared respectively with
100%, 93%, 97% and 92% of the plans in the control group (p < 0.0001,
p < 0.0001, p=0.0015 and p =0.1435). In patients with reconstructions,
67% of the markedly compromised radiotherapy plans were left-sided
(p < 0.16). Patients with right-sided reconstructions had their chest
walls and IMC treated with deeper tangential beams at the expense of
irradiating more lung. Of the compromised radiation treatment plans
with minimization of lung irradiated (17%), 61% of these plans were
right sided. Conversely, patients with left-sided reconstructions spared
the critical structures (heart and lung), at the expense of suboptimal
coverage of chest wall and IMC. Of the compromised radiation
treatment plans with poor chest wall coverage (21%), 65% of these
plans were left sided. One of the main factors posing difficulty to
optimize their plans and contributing to compromises was the intent
to treat the internal mammary chain (IMC).

Thus chest wall treatment in their reconstruction cohort was
accomplished with tangential fields alone, occasionally using modified
blocking when it could provide coverage of the IMC region. Thus,
deepening the superior aspect of the photon tangential fields also
provided somewhat improved superficial coverage, but frequently at
the expense of irradiating more lung and sometimes heart. The impact
of this technique limitation resulted in treatment of the IMC that was
significantly worse in the reconstruction cohort compared with the
matched controls (93% vs. 45%, p =0.0001). To assess the impact of the
reconstructed flap on treatment planning if the IMC was not included,
they did another analysis of their plans using a scale without IMC
involvement, 23% of the treatment plans were still compromised in the
reconstruction cohort compared with 2% in the matched controls (p=
0.0001). Of all the patients who underwent reconstruction and whose
IMC coverage was compromised, 65% also did not receive a full score
in either chest wall breadth, minimization of lung, or avoidance of
heart.

They concluded that even if the IMC was not treated, these
patients’ plans would still not be optimal and regardless of whether one
treats the IMC, immediate breast reconstruction affects the delivery of
postmastectomy radiotherapy.

In the present series we used a semi-quantitative scoring tool to
assess the design of postmastectomy radiation fields. This system
assesses five basic objectives of postmastectomy radiotherapy and the
primary radiotherapy plans were scored in each category. Our scoring
system that we devised can be viewed as a modification of the MD
Anderson cancer centre scoring system implemented by Buchholz
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[4,8,12] which assessed four objectives: chest wall & internal mammary
chain coverage and minimum irradiation to lung and heart.

In view of the lack of evidence on the benefit of irradiating the IMC
and since the standard practice at Ain Shams University Hospitals and
Bristol Oncology hospital generally does not adopt irradiation of the
IMC by a separate field, it was not included in the parameters to be
assessed in this study. Because dose homogeneity in the planning target
volume is a fundamental factor in radiotherapy planning and has been
shown to affect the clinical outcome of radiation therapy in terms of
both local disease control and radiation toxicity, we viewed it should be
taken into account when assessing the planning technique in our study.

According to the ICRU report number 50 issued in 1993, dose
across the PTV should be homogeneous as possible and should be kept
within +7% and - 5% of prescribed dose for non palliative treatment
plans. In the same report Dmax was defined as the maximum dose
within the PTV and has to be taken into account for evaluating the
homogeneity of the dose distribution and should be considered as part
of the optimization criteria [9]. Therefore unlike the MD Anderson
group we included Dmax and dose homogeneity in our scoring system
and omitted involving the IMC as an objective to be assessed.

In our series of the 30 PMRT plans scored after reconstruction,
76% (23/30) had optimal scores while 24% (7/30) had moderate
compromises and none [0%] had major compromises. Bearing in mind
that IMC involvement was not included in this study, our outcome is
similar to that of the MD Anderson group when they analysed their
plans after exclusion of IMC coverage which revealed a compromise
in 23% of the plans. Although our cohort was not directly compared
to a non reconstructed group yet indirect comparison with the
control group from the MD Anderson Cancer centre shows clinically
significant difference (24% compromise in our cohort vs. 2% in the MD
Anderson control arm).

Complete chest wall coverage which is the most important factor
in PMRT was achieved in 22 plans (73%) that is slightly higher than
that reported in the MD Anderson’s of 65%. It is worth noting that 7%
of the compromised plans in this study were for patients with Pectus
excavatum which is an anatomical deformity posing challenge to the
radiation oncologist. Although these cases are not typical and relatively
uncommon, yet they were eligible as per the study protocol.

Of the 27% of the compromised chest wall coverage, 17% had the
left border shifted compared to 10% who had both shifted. This is not
a surprising outcome knowing that most of breast cancers occur in the
upper outer quadrant, so, if there is a need to minimize lung irradiated
it would be more reasonable to shift the medial border rather than the
lateral border which is more close to the tumour bed.

In this study we defined an optimal treatment plan as one in which
the wedge of lung tissue irradiated was less than 2cm as per the Bristol
oncology centre protocol. Because fibrosis, pneumonitis and decreased
pulmonary function are all related to the volume of irradiated lung,
every centimeter of lung in the tangential field causes a greater volume
of lung parenchyma to be irradiated. Cheng et al. [13] reported keeping
central lung distance of tangential field to less than 2.8cm in a tangent
field technique alone or less than 1.4cm in a tangential field with a
separate electron IMC field technique reduces the risk of lung fibrosis.
Keeping lung depth to 2cm was achievable in 90% in the studied cohort
while 10% had compromised plans, yet none had more than 3cm of
lung included. Again, 7% out of the 10% who were compromised where
the Pectus excavatum cases.

In terms of dose homogeneity across the PTV, it is universally
accepted that it should be within 12% (+7%, -5%) as been recommended
by the ICRU, but in this study we defined optimum plans as those
having less than 7% dose homogeneity as data from the literature
showed that irradiated reconstructed flaps are more prone to radiation
side effects and complications as shown earlier. Being tighter in this
parameter, only 13% of the plans were considered optimum achieving <
7% homogeneity. Yet, 74% of the assessed plans were contained within
8-12% which is still considered clinically acceptable and none had a
maximum dose of more than 110% of the prescribed dose to the PTV.
13% had more than 12% homogeneity, hence had full point deduction.

Of the 13 left sided breast cancer plans, 12 plans (92%) successfully
had the heart entirely excluded from the tangential portals and the single
plan which included the heart showed less than 1cm involvement. This
outcome was higher than that reported by Motwani et al. [8] in their
series (85%) and is equal to their control arm which achieved 92%.

When side of the index cancer was assessed, 82% of right-sided
breast cancers with immediate breast reconstruction and 69% of
the left side were considered optimal. In other terms, 53% of the
compromised plans were left sided and 47% were right sided. This
higher compromise rate in the left sided group was anticipated since
an extra factor (avoidance of heart) was accounted for in this group as
the attempt to spare the heart could have led to compromising other
parameters. Buchholz et al. [4,8,12] had different outcomes. They had
more optimal plans in the right side rather than the left. Optimal plans
were noticed in 41% of right-sided breast cancers with immediate
breast reconstruction and 51% of the left side. Yet 67% of the major
compromised radiotherapy plans were left-sided.

In our study we aimed to evaluate and classify skin reactions and
we employed the RTOG scoring criteria to quantify the extent of these
reactions. Skin reactions, whether early or late, were the most common
and notable side effect in the current study. Acute reaction was reported
in 87% of the cases. Results revealed no incidence of degree 3 acute
reaction in comparison to 60% and 27% for degrees 1 and 2 respectively.
Late reactions were noticed in 36% of the studied population, all had
grades 1 and 2. These data are comparable to those found in literature.
In a study done in the NCI and NEMROCK to evaluate skin reactions
following conservative surgery and radiotherapy, Taher et al. [16]
did not report grade 3. Grades 1 and 2 were reported in 60% and
40% respectively while in 2008; Pires et al. [17] underwent a study
to Evaluate and classify skin reactions in patients with breast cancer
submitted to radiotherapy through the Radiation Therapy Oncology
Group [7] criteria. When they looked at the reconstructed subgroup,
all of the reported reactions were grades 1 and 2 with incidence rate of
82%. None of their cases developed grade 3.

As regards lung toxicity, literature shows radiation pneumonitis
incidence of as many as 5-15% of patients, however most of the studies
were evaluating patients who were treated with thoracic irradiation,
most often in lung cancer, lymphoma, esophageal cancer or thymoma
and data on breast cancer patients has been scarce [18]. In the studied
cohort only 3% had symptoms of pneumonitis in the form of mild dry
cough defined as grade 1 not requiring treatment. This low incidence
rate could be attributed to the minimal lung involvement in the current
series. None of the treated cases had more than 3cm of lung wedge
included in the tangent portals and 90% had less than 2cm involved.
In those who had chest radiographs, signs of interstitial pneumonitis
or fibrosis were not observed. Assessing the risk of long-term cardiac
toxicity due to PMRT is complex due to the long latency for such side
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effects and the possible contribution of patient-related factors, as well S.
as treatment factors.

Perhaps the most important treatment factor is the volume of heart 6
irradiated. Many techniques used to irradiate the internal mammary
nodes (such as the pure photon “hockey-stick” field) included large r
cardiac volumes, regardless of whether the tumour was left- or right-
sided [19]. Registry-based studies also have demonstrated an increase 8
in cardiac mortality for patients treated with left-sided breast cancers '
[20]. This increase in cardiac deaths has been attributed primarily to
ischemic heart disease. This was most clearly demonstrated by a meta- o
analysis of 10 randomized trials of PMRT initiated before 1975 when '
older techniques of radiotherapy were used. The standard mortality 10

ratio for heart disease was 1.62 times higher for irradiated patients than
for the unirradiated patients [P=0.01]. These findings were confirmed 1.
in the larger Oxford overview of radiotherapy trials, which included
patients treated with breast-conserving surgery as well [11]. In the 12.
present study internal mammary nodal irradiation was not used and
among those who had left breast irradiation only 1 patient had part 13.
of the heart involved in the tangential field and this was less than 1cm
thickness. Thus there was less anticipated risk of cardiac morbidities.

None of the studied cases had symptoms or signs of acute cardiac 14.
morbidity. 1 patient [8%] had decline of the left ejection fraction

yet this patient was on adjuvant therapy with Trastuzumab which 15
is more likely to be the cause of this finding. In fact, it is difficult to

assess cardiac morbidity particularly from studies as the present one

with relatively short follow up period due to the long latency for such 16.
side effects which may extend to 20 years. Finally, the more recent
irradiation technique, intensity modulated radiation therapy (IMRT)
has been introduced in the adjuvant treatment of breast cancer aiming
at reducing acute toxicity and the dose to the critical organs as heart
and lung with proved efficacy [21].

Conclusions 18

Immediate reconstruction may impose limitations on the treatment
planning of postmastectomy radiotherapy, particularly in regard to
providing broad adequate coverage of the chest wall and if there can
be one conclusion from the published experience, it is that advantages
and risks of immediate reconstruction should be fully explored with
the patient and a multidisciplinary approach to patient management
is required. Multicentre, well powered trials with longer follow up are
required to look at the potentially adverse reciprocal effects between
radiotherapy and immediate breast reconstruction.

o

2
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