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Abstract 

Objective: To investigate the toxicity of prone position in whole 

breast radiotherapy after breast conserving surgery (BCS) in breast 

cancer patients with large pendulous breasts. Patient and 

methods: Thirty patients (stage I-II) with large pendulous breast 

were simulated in both supine and prone positions. Target volumes 

and organs at risk were contoured on CT images. For each patient, 

the two planes were calculated and dose volume histograms were 

compared. The prescribed dose was 40 Gy in 15 fractions over 3 

weeks to whole breast with 6-10 MV photon followed by 10 Gy in 

5 fractions over one week boost to the tumor bed. The selection of 

treatment position was based on best target coverage and optimal 

sparing of organs at risk.  Results: Among 30 patients, 13 patients 

(43.3%) were treated in the prone position, while the remaining 17 

patients (56.7%) were treated in supine position. Higher grades of 

acute dermatitis were significantly reported in supine position 

(p=0.01).Grades 1 and 2 chronic radiation dermatitis were more in 

supine position, but no statistically significant difference (p=0.41). Grade I radiation pneumonitis 

was developed in 2 patients (14.3%) in supine group which was not significantly different 

(p=0.49).  No cardiac symptoms were noted among both groups. Grade I lymphedema was noted 

in (11.8%) in supine group versus (23.1%) in prone group (p=0.6). Conclusion: Prone position 

is a suitable alternative to supine position in large pendulous breast with accepted toxicity 

profile. 
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Introduction 

Breast cancer remained the most frequently 

diagnosed cancer in women and the leading 

cause of cancer death worldwide.  Almost 

there was 2.3 million new cases 25%% of all 

female cancers) and 685,000 deaths (15% of 

all female cancer deaths) in 2020 (1). 

 Most of early-stage breast cancer patients 

are candidates for conservative breast 

surgery (CBS) followed by whole breast 

irradiation (WBI). Long term local control 

and survival rates are equivalent to those 

with mastectomy, while maintaining an 

acceptable cosmetic appearance (2). 

Minimizing radiation toxicity without 

affecting tumor control or survival is one of 

the great challenges in breast radiation 

therapy after CBS (3). Cardiac, pulmonary 

and skin toxicities are the most common 

complications affecting the quality of life 

after breast irradiation. Preservation of these 

organs at risk (OAR) as much as possible is 

highly recommended (4). 

 Breast size and treatment position are 

important factors that may contribute to 

increase radiation toxicity (5). The standard 

supine position is conventionally used to 

deliver radiation therapy to whole breast. 

This position provides patient comfort and 

reproducibility however it may have 

disadvantages in patients with large or 

pendulous breasts (6). Pendulous breast is 

moved laterally over the chest wall, leading 

to inclusion of ipsilateral lung and heart in 

treatment field, and increasing skin fold 

under breast. This allows for significant 

complications including lung and heart 

toxicities, radio-dermatitis and poor 

cosmesis (7).   

Prone position has been suggested to be a 

substitute to the standard supine position in 

patients who have large pendulous breasts. 

This position allows to spare OARs (8) and 

to reduce skin toxicities by reducing the 

bolus effect at the inframammary fold (9). In 

this study, we aimed to investigate the 

toxicity of whole breast radiotherapy in 

prone position compared to supine position. 

Patients and methods 

This is a prospective study which included 

female patients with early stage breast 

cancer who underwent conservative breast 

surgery and treated at the Clinical Oncology 

and Nuclear Medicine Department, 

Mansoura University Hospital from January 

2016 to June 2018. 
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Patients’ selection: 

Eligibility criteria: This study included 30 

patients with histologically confirmed breast 

carcinoma, patients with early stages who 

underwent  CBS with negative margins, 

negative lymph node, large or pendulous 

breast defined by bra cup size C or more and 

ability to lie prone. 

Exclusion Criteria: Exclusion criteria were 

pervious radiotherapy to the same breast, 

evidence of metastatic disease, positive 

lymph nodes that indicated of irradiation, 

and presence of connective tissue disease. 

Ethical consideration: Informed written 

consent was obtained from every patient 

who participated in the study and the study 

was approved by Medical Research Ethics 

Committee, Faculty of Medicine, and 

Mansoura University. 

Methods: All included patients underwent 

conservative breast surgery with negative 

safety margins and subjected to pretreatment 

evaluation by history taking and full clinical 

examination; ECHO for left side breast 

cancer, abdominal ultrasound, chest X-

ray/CT chest and measurement of arm 

circumference above and below elbow. 

1-Patient positioning and CT Simulation: 

   Patients underwent a computed 

tomography (CT)-simulation with 3mm slice 

thickness from the mandible to the 

diaphragm in both prone and supine 

position. In supine positioning, the patient 

placed on the supine breast board with arms 

above the head. Radio-opaque markers 

placed in the following manner: the medial 

marker placed in the midline over the 

sternum, the lateral marker placed in mid-

axillary line, the third marker placed around 

the contour of the breast. After simulation in 

supine position, these markers remained in 

its place and then the patient simulated in 

prone position. In prone positioning, the 

patients placed prone on a prone breast 

board (Klarity prone breast system R620-

BCF4) with head facing downward and both 

hands holding a handlebar fixed in the 

board. The treated breast fall down through 

an opening in the board as presented in 

Figure 1, while the contralateral breast was 

placed laterally away from radiation field. 
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Figure (1): CT simulation for patient with left sided breast cancer in prone Position 

 

2-Planning system and contouring of 

target volumes and organs at risk :  

        Both supine and prone images were 

transferred to the treatment planning system 

(3D Precise Treatment Planning System 

version 2.12). We used RTOG contouring 

guidelines to define target volumes in both 

supine and prone positions. Clinical target 

volume CTV: defined by the following 

borders: cranially: the caudal edge of 

sternoclavicular joint, caudally: loss of 

breast tissue on CT, medially: at the sternal 

rib junction, laterally: midaxillary line 

(exclude latissimus dorsi muscle), 

anteriorly: 5 mm under the surface of the 

skin, and posteriorly: exclude the pectoralis 

muscles, muscles of the chest wall and ribs. 

Planning target volume PTV: obtained by 

adding 10 mm margin to the CTV except in 

the skin direction. Lumpectomy CTV: 

defined by lumpectomy cavity. 

Lumpectomy PTV: lumpectomy CTV with a 

margin of 0.5 to 1.0 cm. Organs at risk 

(OAR) include:  a-ipsilateral and 

contralateral lungs, b-heart in left sided 

breast cancer, c-contralateral breast. 

3-Dose prescriptions and radiotherapy 

technique: 

    Total dose was 40 Gy in 15 fractions over 

3 weeks to whole breast with 6-10 MV 

photon beams followed by 10 Gy in 5 

fractions over one week boost to the tumor 

bed. Prescribed dose delivered by 3D 

conformal radiotherapy using tangential-

fields with 6 or 10 photon energy.  

4-Treatment position: 

    For each patient, we choose treatment 

position (either supine or prone) according 

to the best target coverage and better sparing 
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of organs at risk. Linear Accelerator device 

(Version 5 Linear accelerator, Elekta, 

Precise Treatment System TM) was used to 

deliver radiotherapy treatment as in Figure 

2. 

 

 

Figure (2): Patient with right breast cancer lies in prone position in Linear accelerator device. 

 

Statistical analysis:

 Data were fed to the computer and analyzed 

using IBM SPSS software package (version 

22.0). Monte Carlo test, Chi-Square test or 

Fischer Exact test were used to evaluate 

toxicity in supine treated and prone treated 

groups. Significance of the obtained results 

was judged at the (0.05).  

Follow up: 

   Radiation toxicities were assessed in both 

positions and graded according to Radiation 

Therapy Oncology Group (RTOG). Acute 

toxicity was assessed weekly during 

radiotherapy and every 2 months after 

treatment completion for six months. Late 

effects were assessed during follow-up visits 

every 4 months during the first 2 years and 

every 6 months during the next 2 years then 

annually. Arm lymphedema was assessed by 

measurement of arm circumference before 

radiotherapy and after 6 months from the 

end of radiation. Shoulder immobility and 

brachial plexus injury were evaluated by 

MRI for symptomatic suspected case only. 
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Results 

1-Patients characteristics: 

    All patients presented in this study had 

large pendulous breasts and apparent 

inframammary folds. Bra cup size was 

ranging from size C (750-1000 cc) to size D 

or more (> 1000-1500 cc). The 

characteristics of 30 patients enrolled in the 

current study were summarized in Table 1 

 

     Table (1): Patients characteristics 

Patient characteristics N=30 % 

Age/years 

Mean ± SD 
50.88±7.08  

BMI(Kg/m
2
) 

Mean ± SD 
34.30±2.89  

Bra cup size 

 C  

 D or more 

 

6 

24 

 

 

20.0 

80.0 

 

Side 

 Right 

 Left 

 

14 

16 

 

46.7 

53.3 

T stage 

 T1 

 T2 

 

17 

13 

 

56.7 

43.3 

Pathology 

 IDC 

 Mixed carcinoma 

 Others 

 

27 

2 

1 

 

90.0 

6.7 

3.3 

Surgery 

 CBS + Axillary dissection 

 CBS + Sentinel LN biopsy 
 

 

 

21 

 

9 

 

70.0 

 

30.0 

  

4-Treatment position 

Each patient was simulated in both supine 

and prone positions, and had 2 plans which 

were calculated and compared. According to 

on dosimetric data from individual DVH, 13 

patients (43.3%) were treated in the prone 

position because it was the ideal position.  

 

that achieve both adequate target coverage 

and better sparing of OARs. In the 

remaining 17 patients (56.7%), supine 

position was preferred. All cases completed 

radiotherapy course without interruption 

except one case (3.3%) belonged to supine 
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treated group and required break for one 

week because of wet desquamation in large 

area in the fold under the breast. 

5-Radiotherapy related Toxicity: 

     All patients (30 patients) completed the 

follow up period with a median of 20 

months. Toxicity was assessed and graded 

according to Radiation Therapy Oncology 

Group (RTOG). 

 Fatigue and breast pain: 

    In all 30 patients (100%) mild fatigue and 

mild breast pain were reported. But, this did 

not interfere with continuation of sessions 

and did not require medical treatment.  

 Skin toxicity: 

      There was a statistically significant 

higher proportion of grade 1 in prone 

position and a statistically significant higher 

proportion of grade 2 in supine position 

(p=0.01). There was only one case with 

grade 3 belonged to supine positions and 

required one week break of radiotherapy. 

Pigmentation was the most common late 

toxicity reported in both groups, grades 1 

and 2 were more in supine position with no 

statistically significant difference (p=0.41) 

(Table 2) 

 Pulmonary toxicity: 

    Acute radiation pneumonitis: Grade I was 

developed in only 2 patients (14.3%) in 

supine group which was not significantly 

different (p=0.49). Patients experienced 

mild cough and did not require medical 

treatment.  Radiation opacities in chest x-ray 

reported only in 2 patients (11.8%) in the 

supine group (Table 2).   

 Cardiac toxicity:  

    Sixteen left sided breast cancer patients 

were assessed for the cardiac function by 

echocardiography and estimating the 

reduction in the ejection fraction (EF) by 

10%. For all 16 patients, no remarkable 

changes in EF values were noted. 

 Lymphedema and brachial plexus 

injury: 

    Grade I lymphedema was noted in 2 

patients (11.8%) in supine group versus 3 

patients (23.1%) in prone group (p=0.6). All 

cases in both groups did not experienced any 

symptoms suggesting a brachial plexus 

injury. (Table 2) 

 

 

 



Benha medical journal, vol. 38, issue 3, 2021 

1055 
 

Table (2): Radiation toxicity in supine treated and prone treated cases . 

Toxicity 

Total 

number 

=30 

Ideal radiography position 

Test of 

significance 

Supine position 

N=17 

Prone Position 

N=13 

N % n % 

Acute dermatitis 

G1 

G2 

G3 

 

15 

11 

1 

 

4 

9 

1 

 

23.5 

52.9 

5.9 

 

11 

2 

0 

 

84.6 

15.4 

0.0 

 

MC 

P=0.01* 

Chronic dermatitis 

G1 

G2 

 

7 

1 

 

5 

1 

 

29.4 

5.9 

 

2 

0 

 

15.4 

0.0 

 

FET 

P=0.41 

Acute pneumonitis 

G1 

 

2 

 

2 

 

11.8 

 

0 

 

0.0 

 

FET 

P=0.49 

Lymphedema 

G1 
 

5 

 

2 

 

11.8 

 

3 

 

23.1 

 

FET 

P=0.63 

MC: Monte Carlo test     FET: Fischer exact test     * statistically significant (p<0.05 

 

 

Discussion 

Conventionally, the whole breast irradiation 

is delivered to the patient in the supine 

position. This standard position may be not 

suitable for all patients especially those with 

large pendulous breast who may suffer from 

acute and late toxicity resulting from dose 

inhomogeneity in the target and increased 

dose to OARs (10).   Trying to overcome 

this obstacle, Merchant and McCormick in 

1994 were the first to describe the prone 

breast technique as substitute to supine 

position after BCS (11). Multiple subsequent  

studies were conducted to investigate the 

role of prone technique in reducing the 

exposure of OAR to radiation and 

minimizing radiation toxicity, particularly in 

patients with large breasts and yielded 

promising results (12), (13), (14), (15).  

         Radiation dermatitis is the most 

common toxicity reported in breast 

radiotherapy (4). In supine position, large 

breast rests against the skin of the abdomen 

making an inframammary fold. The skin on 

skin contact increases the radiation dose to 

this area and lead to moist desquamation and 

subsequent skin infection (16).  In our study, 

higher grades of acute dermatitis were more 

observed in supine group than in prone 
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group. Grade 2 was reported in 9 (52.9%) 

supine cases versus 2 (15.4%) prone cases, 

(p=0.01). Grade 3 reported in only one 

supine case (5.9%) vs. no prone cases. 

Elimination of inframammary fold in prone 

position may explain low incidence of high 

grades of toxicity. Similarly, another study 

reported a 2-fold reduction in dermatitis 

grade ⩾2 was (38%) in the prone group vs. 

(80%) the supine group. Grade 3 dermatitis 

occurred only in 4% of the supine group and 

in none of the prone group (17). On the 

contrary, different results were reported by 

observing higher incidence of grade 2 acute 

dermatitis in (41%) prone group vs. (20%) 

in supine group. These different results were 

referred to the effect of prone board on skin 

areas where the breast pressed against the 

board in addition to using low energy (4 

MV) photon that increase this effect   (18). 

 

      Regarding chronic dermatitis, 

hyperpigmentation was the most common 

toxicity reported in both groups but not 

statistically significant (p=0.41). Grade 1 

hyperpigmentation was reported in 15.4% of 

prone patients with no cases of grade 2.  

Although  small sample size in our study, 

but  our findings were relatively in 

agreement with a single institutional study 

that  investigated the prone position on 110 

cases and reported grade 1 

hyperpigmentation in 22% of patients and 

only 1 patient with grade 2 

hyperpigmentation (16).  

     Radiation pneumonitis results from 

exposure of the ipsilateral lung to radiation 

in breast cancer. The incidence of 

pneumonitis has been related to large breast 

size and volume of lung included within the 

tangential fields (5),(19). In our study, no 

significant pulmonary symptoms were 

reported during 20 months of follow up 

period. Only 2 patients in supine group 

complained of mild cough that resolved 

spontaneously without medical treatment. 

After 6 months, no late pulmonary 

symptoms among both groups were 

reported.  Similarly, the severity of acute 

and late toxicities in both positions was 

analyzed; there was no significant radiation 

pneumonitis during the follow-up period of 

58 months in both groups (18). 

 

     Pericarditis and pericardial effusion are 

considered as the most reported acute side 

effects of radiation therapy to left breast 

(20). In the current study, cardiac function 

were assessed by detecting the changes in 

echocardiography. Among 16 patients with 

left side breast cancer included, no one 

reported any cardiac symptoms or changes 
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in EF values in both groups. Our findings 

was comparable to what reported by a 

pervious study analyzed cardiac toxicity 

(18). Cardiac complications can manifest 

late 10-15 year after initial radiation 

exposure (20). This indicates the need for 

long term follow up period to evaluate late 

cardiac outcome. 

 

 Lymphedema and brachial pleuxopathy 

from breast radiotherapy can have harmful 

effects on patient quality of life. The 

combination of both axillary surgery and 

axillary radiotherapy may increase the risk 

of brachial pleuxopathy (21).  In our study, 

only grade I arm lymphedema was reported 

in both positions with no significant 

difference (p=0.65). There were no cases 

suspicious for brachial pleuxopathy. Such 

findings were expected as all our cases were 

node negative and they did not require 

regional nodal irradiation which helps to 

reduce incidence of such toxicity. Also the 

prescribed dose for breast radiation in our 

study was within the brachial plexus 

tolerance dose. 

 Regarding to comfortability and patient 

compliance, in our study, we used delicate 

prone breast board, so most patients were 

comfortable and only 3 patients did not 

tolerate this position. Some studies reported 

difficulty in prone positioning especially in 

elder women (22).  

The major limitation of our study is the 

small number of included patients. This was 

because of selection criteria of the study that 

require inclusion of early cases with 

negative lymph nodes, large pendulous 

breasts with the ability to lie prone 

comfortably on the prone board.  

     In conclusion, the results of our study 

encourage the use of prone position as a 

suitable alternative to the standard supine 

position in patients with large pendulous 

breast when there is high exposure to 

ipsilateral lung and/or heart. Toxicity was 

comparable in both positions except for 

acute dermatitis which was reduced 

significantly in prone position. Further 

studies with long term follow up are needed 

to evaluate incidence late toxicity in prone 

position.   
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