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Abstract: Treatment for bilateral breast cancer with chest wall and abdominal skin invasion 

normally involves conventional radiotherapy (RT); however, conventional RT provides inad-

equate target volume coverage and excessive treatment of large volumes of normal tissue. 

Helical tomotherapy (HT) has the ability to deliver continuous craniocaudal irradiation that 

suppresses junction problems and provides good conformity of dose distribution. A 47-year-

old female with stage IV bilateral breast cancer with chest wall and pectoralis major muscle 

invasion, lymphadenopathy, bilateral pleural effusion, and multiple bone metastases received 

chemotherapy and target therapy beginning in January 2014; 4 months after the initiation of 

chemotherapy, computed tomography revealed progression of chest and abdominal wall inva-

sion. A total dose of 70.2 Gy was delivered to both breasts, the chest wall, the abdominal wall, 

and the bilateral supraclavicular nodal areas in 39 fractions via HT. The total planning target 

volume was 4,533.29 cm3. The percent of lung volume receiving at least 20 Gy (V20) was 28%, 

22%, and 25% for the right lung, left lung, and whole lung, respectively. The mean dose to 

the heart was 8.6 Gy. Follow-up computed tomography revealed complete response after the 

RT course. Grade 1 dysphagia, weight loss, grade 2 neutropenia, and grade 3 dermatitis were 

noted during the RT course. Pain score decreased from 6 to 1. No cardiac, pulmonary, liver, 

or intestinal toxicity developed during treatment or follow-up. Concurrent HT with or without 

systemic treatment could be a safe salvage therapy for chemorefractory locally advanced breast 

cancer patients with extensive cutaneous metastasis.

Keywords: bilateral breast cancer, cutaneous metastasis, helical tomotherapy, palliative, 

toxicity

Introduction
Breast cancer is the second most common malignancy in females and the most common 

type of tumor associated with cutaneous metastasis.1 Metastasis to the skin can result 

from lymphatic embolization, hematogenous or contiguous dissemination, or as a 

result of direct implantation during surgical procedures.2,3 The incidence of cutane-

ous manifestation of breast cancer is 23.9%4 and the most common sites of cutaneous 

manifestation are the chest wall and abdomen.5

Patients with cutaneous metastasis typically present with pruritus, erythema, pain, 

stinging sensation, macular rash, infection, and thickening or hardening of the chest 

wall. In the majority of cases where skin metastasis has occurred, the primary cancer 

is widespread and may be untreatable.6 In such cases of disseminated disease, the goals 
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of treatment are usually to delay disease progression; relieve 

symptoms, including keeping lesions clean and dry; and 

improve quality of life.

Trastuzumab is active and well tolerated as first-line 

treatment for females with metastatic breast cancer with 

human epithermal growth factor receptor 2 overexpression.7 

Addition of trastuzumab to chemotherapy (anthracycline 

and cyclophosphamide, or paclitaxel) was associated with a 

longer time to disease progression, higher rate of objective 

response, lower rate of death at 1 year with a 20% reduction, 

and longer survival.8 For patients with inoperable breast 

cancer resistant to anthracycline-based chemotherapy, mul-

tidisciplinary locoregional management could provide an 

impressive 5-year survival rate.9

Radiotherapy (RT) is used traditionally as a modality for 

control of local metastases of breast cancer10 and provides 

survival benefit for breast cancer patients with synchronous 

metastases.11 Furthermore, in RT concurrent with trastu-

zumab12 or paclitaxel,13 better response rates are expected. 

Recently, helical irradiation of the total skin has been shown 

to be an effective modality for the treatment of cutaneous 

T-cell lymphoma.14,15 Herein, we present a case of bilateral 

breast cancer with extensive cutaneous metastasis that was 

successfully and safely treated by helical tomotherapy (HT) 

concurrent with chemotherapy.

Case description
Left breast cancer was diagnosed in a 47-year-old female 

in 2007. The patient refused conventional treatment and instead 

received alternative medicine only. In 2013, follow-up com-

puted tomography (CT) revealed a huge (.18 cm) tumor in the 

left breast, a tumor in the contralateral breast, chest wall, and 

pectoralis major muscle invasion, lymphadenopathy, bilateral 

pleural effusion, and multiple bone metastases. Histopathologi-

cal analysis of biopsy specimens revealed estrogen and proges-

terone receptor-negative, and human epidermal growth factor 

receptor 2-positive invasive ductal carcinoma. Extensive breast 

cancer, cT4cN3bM1 (American Joint Committee on Cancer, 

7th Edition), was diagnosed. The patient received paclitaxel 

(80 mg/m2), trastuzumab (8 mg/kg), and denosumab (120 mg) 

beginning in January 2014; however, 4 months after initiation 

of chemotherapy, follow-up CT revealed progressive disease 

with bilateral chest wall and abdominal wall invasion. The 

patient suffered from burning, warmth, pruritus, stinging, and 

painful sensation that came from lesion sites simultaneously. 

Skin biopsy was suggested but the patient refused.

A total dose of 70.2 Gy was delivered to breasts, the chest 

wall, the abdominal wall, and the supraclavicular nodal areas in 

39 fractions via Tomotherapy® Hi-Art system (Tomotherapy®; 

Accuray Inc., Madison, WI, USA) with 6 MV photon beam 

between June 2014 and September 2014. The total planning 

target volume (PTV) was 4,533.29 cm3. Mean lung dose and 

the percent volume receiving of lung ^20 Gy dose (V20) 

were 16.3 Gy and 28% for the right lung, 15.5 Gy and 22% 

for the left lung, and 15.9 Gy and 25% for the whole lung, 

respectively. The V5 was 55% for both lungs. The mean dose 

and V30 to the heart were 8.6 Gy and 5%, respectively. The 

mean dose to trachea, esophagus, stomach, liver, and intestine 

was 15.6, 6.6, 9.7, 7.1, and 6.0 Gy, respectively. The maximum 

dose to the spinal cord was 24.74 Gy (Table 1). The conformity 

index was 0.8 and the uniformity index was 1.1.

After completion of HT with concomitant chemotherapy 

(paclitaxel and trastuzumab), the level of carcinoembryonic 

antigen decreased from 133 to 4.5 ng/mL and cancer antigen 

15-3 decreased from 54.1 to 10.3 U/mL. Grade 1 dysphagia, 

weight loss, grade 2 neutropenia, and grade 3 dermatitis 

were scored using the Common Terminology Criteria for 

Adverse Events (CTCAE, v4.0) during the RT course. 

No cardiac, pulmonary, liver, or intestine toxicity developed 

during treatment or follow-up. CT 4 months later revealed 

a marked reduction in the size of bilateral breast tumors and 

resolution of chest wall masses and nodular lesions, sug-

gesting good response to treatment (Figures 1 and 2). The 

fungating wounds and erythematous changes of the chest 

and abdominal walls had been eradicated.

Approximately 5 months after the completion of HT 

and chemotherapy, a follow-up CT of the brain revealed 

metastatic lesions. The patient received whole-brain RT at a 

total dose of 30 Gy in ten fractions. However, she died due to 

disease progression, bilateral pleural effusion, and pulmonary 

Table 1 The dosimetry results of organs at risk

Organs at risk Dose–volume

Whole lung Mean dose
V20 Gy
V5 Gy

15.9 Gy
25%
55%

right lung Mean dose
V20 Gy
V5 Gy

16.3 Gy
28%
55%

Left lung Mean dose
V20 Gy
V5 Gy

15.2 Gy
22%
55%

Heart Mean dose
V30 Gy

8.6 Gy
5%

spinal cord Maximum dose 24.74 Gy
Trachea Mean dose 15.6 Gy
esophagus Mean dose 6.6 Gy
stomach Mean dose 9.7 Gy
Liver Mean dose 7.1 Gy
Intestine Mean dose 6 Gy

Note: VxGy, percent volume receiving of an organ $x Gy dose.
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infection 8 months after completion of breast RT. The need 

for informed consent was waived by the Institutional Review 

Board of the Far Eastern Memorial Hospital (FEMH-IRB-

104164-C) and retrospective data were collected after receiv-

ing approval from the Institutional Review Board of the Far 

Eastern Memorial Hospital (FEMH-IRB-104164-C).

Discussion
Excluding melanoma, breast cancer is the most common 

cancer to metastasize to the skin.16 Median survival of patients 

with metastatic breast cancer ranges from 18 to 24 months.17 

The goals of care are to prolong survival, delay disease 

progression, and improve quality of life. For a single, small, 

well-vascularized cutaneous metastatic lesion, surgical exci-

sion can be considered. Hormonal therapy, chemotherapy, 

monoclonal antibody therapy, electrochemotherapy, photo-

dynamic therapy, topical arsenic trioxide, a cytostatic protein 

kinase C inhibitor, and antiangiogenesis agents are the options 

available for breast cancer patients with metastatic cutaneous 

lesions.6,18–20

Figure 1 Tumor regression after HT.
Notes: (A) CT image acquired in the axial plane reveals infiltrating tumors in bilateral breasts, cutaneous metastasis, and axillary lymphadenopathy before HT. (B) CT scan 
4 months after completion of HT reveals marked tumor regression.
Abbreviations: CT, computed tomography; HT, helical tomotherapy.

Figure 2 Cutaneous metastases regression after HT.
Notes: (A) Bilateral breast tumors with infiltrating cutaneous metastases in the chest and abdominal walls before HT. (B) Four months later, the skin was intact, with tumor 
regression in the chest and abdominal walls.
Abbreviation: HT, helical tomotherapy.
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Patients with stage IV disease, if able to undergo surgical 

excision of the primary tumor, achieve a superior survival rate 

than their nonsurgical counterparts.21 In breast cancer patients 

with inoperable locoregional disease because of primary 

disease extent after completion of primary chemotherapy, 

without evidence of distant metastases at diagnosis, the 5-year 

survival rate was 64% and alternative therapeutic strategies 

were suggested to this class of patients.9 In our patient, the 

lesions were located in the bilateral breasts, supraclavicular 

lymph nodes, and extensively on the chest and abdominal wall 

skin. The tumor volume maximum diameter was 32×30 cm 

and the total volume was 4,533.29 cm3. She was not suitable 

for mastectomy because of the extensive lesions and hence 

alternative therapeutic strategies were considered.

RT is usually applied as a local treatment modality for 

symptomatic relief for breast cancer patients with limited 

cutaneous metastasis. However, studies have shown that 

locoregional treatment is associated with better survival. 

In a retrospective study on the impact of exclusive locore-

gional RT on survival, a total of 261 patients received no 

locoregional therapy, 249 received RT alone (with gross 

tumor volume boost to reach a total dose of 70–80 Gy), 

and 30 underwent surgery alone. Locoregional treatment 

include the group of RT alone and surgery alone. The overall 

survival of locoregional treatment group (RT and surgery) 

was 43.7%; the overall survival of no locoregional treatment 

group was 26.7%.11

Our patient received extensive field irradiation with 

paclitaxel and trastuzumab and achieved a complete response 

of regional lesions without severe adverse effects. Adding 

trastuzumab to RT improved the efficacy with the rate of 

substantial pathologic response (complete response or micro-

scopic residual disease) increasing to 43%.12 Furthermore, 

the pathological complete response rate for stage II and III 

breast cancer patients treated with concurrent paclitaxel and 

RT was 34%. Also, such combination is effective and well 

tolerated.13 Putting these published observations together, it 

is suggested that trastuzumab and paclitaxel concurrent with 

RT could be one of the alternative therapeutic strategies for 

breast cancer patients who are diagnosed with extensive and 

inoperable locoregional disease.

Bilateral breast cancer with bilateral supraclavicular nodal 

area involvement and chest and abdominal wall metastasis is 

difficult to treat with conventional RT because of the extensive 

skin involvement, irregular surfaces, and proximity to critical 

organs. Treating shallow tumors with a homogeneous dose 

while delivering minimal doses to distal organs is challeng-

ing.22 Several factors can produce volumes of increased dose 

(hot spots) and decreased dose (cold spots), such as deviation 

of angle from normal, irregular surface, and internal heteroge-

neous tissues.23,24 Furthermore, field abutment to enlarge the 

radiation field can also create a cold spot upstream and a hot 

spot downstream of the region of intersection. Clearly, these 

unstable situations degrade the quality of the dose distribution 

and increase the failure rate of treatment.

HT, an image-guided intensity-modulated radiotherapy, 

is a treatment approach that combines with an on-board 

megavoltage CT imaging system.25 Image-guided intensity-

modulated radiotherapy has the ability to correct setup errors, 

deliver continuous craniocaudal irradiation that suppresses 

junction problems, and provide good conformity of dose 

distribution.26 HT concurrent with mixed complete and 

directional block techniques can force the majority of the 

beamlets to be delivered to the PTV tangentially. This tech-

nique limits the depth of the dose distribution. Additionally, 

the mean doses for critical organs at risk are decreased 

successfully.14,15,27 The conformity index of HT in our patient 

was 0.81 and the uniformity index was 1.08 (Figure 3).

Figure 3 planning target volume (red color line) delivered by helical tomotherapy with complete (the dark-blue area indicated by white arrows in panels A–C) and directional 
block (the light-blue area indicated by yellow arrow in panel B).
Notes: (A) Coronal view. (B) axial view. (C) sagittal view.
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V5 and V20 are the significant predictors of radiation 

pneumonitis (RP). Grade 3 pneumonitis is common when 

the V20 is .32%.28 Studies have shown that a V20 ,25% of 

bilateral lungs can reduce the incidence of RP.29 Moreover, 

it is prudent to limit V20 to #30%–35% and the mean lung 

dose to #20–23 Gy (with conventional fractionation) if one 

wants to limit the risk of RP to #20% in definitive treatment 

of patients with non-small cell lung cancer.30 Furthermore, 

the cut-off value of ipsilateral and contralateral V5 under 

HT has been reported as 67.5% and 55.5%, respectively.31 

In this report, the V20 in the right, left, and whole lung was 

28%, 22%, and 25%, respectively. Additionally, the V5 was 

55% for both lungs. Mean lung doses were 16.3, 15.5, and 

15.9 Gy in the right, left, and whole lung, respectively. Using 

the mixed block technique to limit the penetrating depth of 

skin by RT, HT successfully eradicated the tumor, relieved 

the symptoms, and kept the patient’s critical organs safe.

Prevention of cardiovascular toxicity is another important 

issue for the treatment of breast cancer. The reported 

incidence of cardiac dysfunction ranges from 3% to 7% 

in patients receiving trastuzumab alone and is as high as 

13% in patients who receive concomitant paclitaxel and 

trastuzumab.32 In addition, rates of major coronary events 

have been reported to increase linearly with the mean dose 

to the heart, by 7.4% per gray.33 For partial irradiation, 

conservative (normal tissue complication probabilities) 

model-based estimates predict that a V25 Gy ,10% (in 

2 Gy per fraction) is associated with a ,1% probability 

of cardiac mortality in 15 years after RT.34 Moreover, the 

risk of pericardial effusion is 13% with a V30 ,46 Gy 

(or mean pericardial dose ,26 Gy) vs 73% in patients with 

a V30 .46 Gy (or mean dose .26 Gy).35 The mean dose, 

V25, and V30 to the heart in our patient were 8.6 Gy, 8%, 

and 5%, respectively. The patient had received paclitaxel and 

trastuzumab concomitantly with HT; however, there was no 

evidence of ischemic heart disease after treatment. Therefore, 

the use of HT in the palliative setting might decrease the risk 

of developing RT-induced heart disease.

Concomitant chemotherapy, high radiation dose, and 

large PTV potentially increase the risk of developing grade 3 

or higher acute skin toxicity.26 Because of the large tumor 

volumes and skin invasion in our patient, we delivered the 

radiation via bolus administration to ensure sufficient dose 

to the surface target volume and then boosted the dose to 

70.2 Gy to gross tumors. The patient experienced grade 3 

skin toxicity over the axilla and chest wall during the RT 

course. Treatment was interrupted for 1 week to allow the 

skin to heal, after which treatment continued with 45 and 

61.20 Gy. The patient completed the RT course uneventfully. 

The ulcerated and fungating skin wounds healed completely 

after completion of RT and the visual analog scale pain score 

decreased from 6 to 1.

Conclusion
The aims of care for breast cancer with extensive locoregional 

metastasis are to prolong survival, delay disease progression, 

and improve quality of life. HT with image-guided technique 

has the ability to correct setup errors, deliver continuous irra-

diation that suppresses junction problems, and provide good 

conformity and homogeneity of dose distribution to overcome 

irregular surface even under extensive tumor spreading. The 

combination of HT, target therapy, and chemotherapy was 

well tolerated and effective, which shed light on the possibil-

ity of alternative therapeutic approaches for locally advanced 

breast cancer patients with extensive cutaneous metastasis 

refractory to primary systemic therapy.
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