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Abstract

Purpose—To study the time spent with radiation-induced dermatitis during a course of radiation 

therapy for breast cancer in women treated with conventional or intensity-modulated radiation 

therapy (IMRT).

Materials and methods—The study population consisted of 804 consecutive women with 

early-stage breast cancer treated with breast-conserving surgery and radiation from 2001 – 2006. 

All patients were treated with whole-breast radiation followed by a boost to the tumor bed. Whole-

breast radiation consisted of conventional wedged photon tangents (n=405) earlier in the study 

period and mostly of photon IMRT (n=399) in later years. All patients had acute dermatitis graded 

each week of treatment.

Results—The breakdown of the cases of maximum acute dermatitis by grade was as follows: 

3%, grade 0; 34%, grade 1; 61%, grade 2; and 2%, grade 3. The breakdown of cases of maximum 

toxicity by technique was as follows: 48%, grade 0/1, and 52%, grade 2/3, for IMRT, and 25%, 

grade 0/1, and 75%, grade 2/3, for conventional radiation therapy (p<0.0001). IMRT patients spent 

82% of weeks during treatment with grade 0/1 dermatitis and 18% with grade 2/3 dermatitis, 

compared with 29% and 71% of patients, respectively, treated with conventional radiation 

(p<0.0001). Further, the time spent with grade 2/3 toxicity was decreased in IMRT patients with 

small (p=0.0015), medium (p<0.0001), and large (p<0.0001) breasts.

Conclusions—Breast IMRT is associated with both a significant decrease in the time spent 

during treatment with grade 2/3 dermatitis and in the maximum severity of dermatitis compared 

with conventional radiation regardless of breast size.
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Introduction

Breast-conserving surgery and radiation therapy are the standard alternatives to mastectomy 

for eligible patients with Stage 0, I, or II invasive breast cancer 1, 2. Postoperative whole-

breast radiation therapy is associated with long-term local control on the order of 85–95% 

with survival outcomes equivalent to those seen in women who undergo mastectomy 3–5. 

Postoperative radiation therapy for invasive breast cancer has also been associated with 

improved local control 4, 6 and overall survival 7 compared to breast-conserving surgery 

alone.

Despite this success, there is room for improvement in conventional tangential breast 

radiation therapy, which is often associated with a greater than 10% dose inhomogeneity 

across the target volume, which may in turn increase the incidence of acute side effects and 

negatively impact the long-term cosmesis that is a particular benefit of treatment 8–11. In 

particular, the increase in dose inhomogeneity is associated with acute skin toxicity that 

increases in severity with increasing breast size 9, 12. Acute dermatitis, including moist 

desquamation of the skin during or within 6 weeks of radiation, is seen in 30–50% of 

women treated with conventional radiation therapy 13, 14. Moist desquamation is associated 

with decreased quality of life during radiation treatment 14. The dose inhomogeneity 

associated with conventional radiation, in which the target receives significantly greater 

doses than the doses prescribed, could also result in an increased incidence of long-term 

complications. For example, a worse long-term cosmetic outcome and a greater 

complication rate have been associated with doses above 50 Gy or a daily dose per fraction 

of 2.5 Gy or higher delivered using conventional radiation therapy 15–17.

Intensity-modulated radiation therapy (IMRT) involves the use of optimized non-uniform 

radiation beam intensities to create more conformal dose distributions around the targets of 

irradiation. IMRT involves many aspects already established as a part of 3D conformal 

radiation: patient immobilization, the definition of target volumes and organs and normal 

structures in three dimensions by drawing contours on cross-sectional images using CT 

simulation, the optimization of treatment plans based upon isodose coverage of target 

structures, and multi-leaf collimation. However, IMRT also requires more advanced 

radiation therapy treatment planning that depends on computer algorithms for inverse dose 

planning. IMRT also has special physics requirements, including the requirement for new 

protocols for acceptance testing, commissioning, and rigorous quality assurance. Initial 

experiences with IMRT for breast cancer have shown it is associated with improved dose 

distributions in the treated breast, lower doses delivered to normal heart or lung tissue, a low 

incidence of acute toxicity, and a reduced incidence of subacute complications such as breast 

edema and of undesirable cosmetic changes compared with standard techniques 18–25.

All of these previous prospective and retrospective studies of breast IMRT have looked at the 

incidence of acute dermatitis only in terms of maximum grade occurring during a course of 
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radiation therapy. Given that a typical course of adjuvant radiation therapy for breast cancer 

lasts 6 weeks, the reporting of only the maximally occurring grade of acute dermatitis could 

obscure large differences in the patient experience with that toxicity. For example, although 

2 patients may have grade 2 dermatitis, in 1 patient this may occur only in week 5 of 

treatment and in the other patient in weeks 3 through 6 of treatment. We hypothesized that 

this difference in the onset and duration of acute toxicity is a more important determinant of 

quality of life during treatment than whether a patient experiences grade 2 toxicity at all.

This study is the first to our knowledge to analyze the incidence of acute dermatitis 

separately during each week of a course of radiation therapy for breast cancer. We also 

examined the respective effects of IMRT and wedged tangential irradiation on both the 

incidence of radiation dermatitis and the time spent with grade 2 or higher radiation 

dermatitis.

Methods and Materials

In this retrospective study, the study population consisted of 804 consecutive women with 

early-stage breast cancer treated with breast-conserving surgery and radiation therapy from 

2001 – 2006. Inclusion criteria were that the patient have American Joint Committee on 

Cancer stages 0, I, or II breast cancer 26; received radiation therapy at the Fox Chase Cancer 

Center, and completed radiation therapy. Exclusion criteria included male breast cancer, T3-

T4 disease, stage IV disease, mastectomy, or the patient’s treatment did not include 

radiation. Patient demographics, tumor characteristics, and treatment-related information 

were entered prospectively into a database that was maintained and updated by a single data 

manager. The collection, storage, and retrieval of data were all done in compliance with the 

hospital’s Institutional Review Board and the Health Insurance Privacy and Portability Act.

All patients were treated with whole-breast radiation (46–50 Gy), with or without regional 

nodal radiation, and a boost to the tumor bed (10–18 Gy). The total dose was generally 

determined by the extent of surgery and the final margin status and ranged from a median of 

60 Gy for a negative margin to 64 Gy for a close margin to 66 Gy for a positive final margin. 

Whole-breast radiation therapy consisted of conventional wedged photon tangents (n=405) 

earlier in the study period, while the majority of patients in later years received photon 

IMRT (n=399). Details of the conventional radiation treatment policy during this study 

period have been previously described 27. In summary, all conventionally treated patients 

were treated with breast tangents to a median dose of 46 Gy. A 6 MV linear accelerator was 

used in most patients. The primary tumor bed was boosted in 99% of patients, and this boost 

was delivered with electrons in almost all patients.

The IMRT technique consisted of a combination of open and segmented tangential fields 

using volume-based inverse dose planning and step-and-shoot beam delivery. Patients 

underwent simulation with a dedicated CT scanner and conventional fluoroscopy to define 

the clinical target volume (CTV) of the breast tissue and normal structures. Patients were 

placed in an alpha-cradle cast on a 10–20% wedged breast board for set-up reproducibility. 

The physician defined the CTV as the palpable breast tissue anterior to the chest wall to 

within 5 mm of the skin, and with a margin of 2 cm in the superior, inferior, and lateral 
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directions. To facilitate the transition to IMRT and to make as valid a comparison as 

possible, the definition of the CTV by the physician, patient positioning, tangential beam 

orientation, and field sizes were kept the same as possible as those used for the previous 

conventional tangential photon technique used at our institution. Patients have been 

prescribed a standard fractionation dose of 2 Gy per day to a total of 46–50 Gy over 4 ½-5 

weeks with the IMRT. This is followed by a sequential electron boost to 14 – 20 Gy to the 

tumor bed and scar. Treatment energy depended on patient chest wall separation.

Because of the differences in the years of treatment between IMRT and conventional 

radiation treatment, there were some differences in the use of systemic therapies as well 

(Table 2). Specifically, more patients receiving IMRT than conventional radiation therapy 

had chemotherapy, but sequencing was done prior to radiation therapy in most cases in both 

groups. For conventional radiation patients, chemotherapy consisted of adriamycin/cytoxan 

in 58 patients, adriamycin/cytoxan/taxane in 45 patients, other adriamycin-based regimens in 

8 patients, and other regimens in 5 patients. For IMRT patients, these chemotherapy types 

were given in 60, 76, 16, and 7 patients, respectively. Another difference in treatment 

practice over time was that most IMRT patients began tamoxifen after radiation, while half 

of the conventional treatment patients started tamoxifen concurrently with radiation.

The study endpoint was acute skin toxicity. The maximum toxicity was scored for each 

patient during and within 6 weeks of radiation using the common terminology criteria for 

adverse events (CTC), version 3, for acute radiation dermatitis (Table 1) 28. A physician and 

nurse prospectively evaluated skin toxicity weekly during radiation therapy at standard on-

treatment patient visits. A nursing flow sheet was used for all patients that recorded 

maximum skin toxicity each week, including scores for skin color and integrity. Breast size 

was grouped according to bra size as small (34A,B; 36A), medium (34C; 36B,C; 38A,B,C), 

or large (any D or size 40+) according to a definition used in the RTOG 97–13 trial 14. Chi-

square test, Wilcoxon test, and generalized estimating equations were used for univariate and 

multivariate analyses.

Results

Patient characteristics are shown in Table 2. There were 405 patients treated with 

conventional radiation and 399 patients treated with IMRT. Significant differences were seen 

between groups in terms of breast size, chest wall separation, tumor stage, treatment energy, 

use of chemotherapy prior to radiation, and use and timing of tamoxifen. There were no 

significant differences in nodal stage, whole-breast dose, or total dose, which consisted of 

the whole-breast plus boost dose.

In terms of the maximum acute dermatitis seen during treatment in all patients, 3% showed 

grade 0, 34% grade 1, 61% grade 2, and 2% grade 3 dermatitis. The maximum toxicity by 

technique was as follows: grade 0/1 in 48% of patients and grade 2/3 in 52% of patients for 

IMRT, and grade 0/1 in 25% of patients and grade 2/3 in 75% of patients for conventional 

radiation (Table 3). The maximum dermatitis by breast size subgroup and by technique is 

also shown in Table 3. Subgroup analysis showed that the time spent with grade 2/3 toxicity 
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was decreased in IMRT patients with small (p=0.0015), medium (p<0.0001), and large 

(p<0.0001) breasts.

The odds ratio was 2 for grade 2/3 toxicity for conventional radiation compared with IMRT, 

which was significant on multivariate analysis correcting for the other significant variables 

(Table 4). Other variables shown to be significant on multivariate analysis were large or 

unknown breast size compared with small breast size, increasing week of treatment, 

increasing chest wall separation, and use of chemotherapy or tamoxifen.

The mean grade of dermatitis was reduced during all weeks of treatment in IMRT patients 

compared to conventional radiation patients, and the difference was statistically significant 

for weeks 2–6 (Fig. 1). The time spent per week of radiation with grade 2/3 dermatitis was 

also lower in the IMRT patients. Further, 82% of weeks in IMRT patients were spent with 

grade 0/1 and 18% with grade 2/3 dermatitis, compared with 29% and 71%, respectively, in 

conventional radiation patients (p<0.0001).

The frequency of grade 2/3 toxicity when chemotherapy preceded radiation was 27% 

without chemotherapy vs. 19% with chemotherapy. However, this may be confounded due to 

a large imbalance in the number of women with large breasts treated with chemotherapy (n = 

73) as opposed to no chemotherapy (n = 177). In a two-by-two comparison, toxicity grade 

was consistently greatest each week in patients treated with conventional radiation and no 

chemotherapy and lowest in patients treated with IMRT and chemotherapy, with the toxicity 

grade in the other two groups falling in between these two extremes.

Discussion

This study of over 800 patients treated for breast cancer is unique in assessing the degree of 

skin toxicity each week during a course of radiation therapy as opposed to only the 

maximum degree of toxicity. We observed that IMRT reduces the incidence of grade ≥ 2 

dermatitis in women of all breast sizes, which prior studies have also shown. However, we 

also found that IMRT reduced the absolute number of weeks spent with this degree of acute 

dermatitis. In particular, women treated with IMRT experienced grade 2 toxicity 

approximately 1 to 2 weeks later during their course of therapy, or not at all, than did women 

treated with conventional tangential radiation. In addition, IMRT patients spent the majority 

of their weeks of treatment with grade 0–1 toxicity, as opposed to conventionally treated 

patients, who spent the majority of their weeks with grade 2 dermatitis. In this way, IMRT 

may be associated with an overall better quality of life throughout a course of treatment, a 

difference that could be obscured if the maximal toxicity is compared only in the last week 

of radiation. Other determinants of acute dermatitis in this study were increasing breast size 

and increasing radiation dose each week of treatment. While patients treated with 

chemotherapy had a lower overall incidence of dermatitis, this may be more an effect of the 

confounding preponderance of large-breasted women in the non-chemotherapy–treated 

group; thus, we cannot conclude that the lower incidence was due to the use of IMRT itself 

in these women.

Freedman et al. Page 5

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2010 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Initial experiences with IMRT for breast cancer have shown improved dose distributions in 

the treated breast, lower doses delivered to the normal heart or lung tissue, a lower incidence 

of acute toxicity, and reduced subacute complications such as breast edema or unfavorable 

cosmetic changes compared with the findings in women treated with standard techniques 

18–24. In our initial assessment of IMRT for breast cancer, we examined 73 women with 

early-stage breast cancer treated with IMRT and compared them to a matched control group 

of 60 women treated with conventional radiation therapy on the basis of breast size and chest 

wall separation 24. The earlier study showed that the degree of acute desquamation was 

greater in conventionally treated patients than in IMRT-treated patients, but subgroup 

analysis found this to be a significant factor only in women with small and large but not 

medium-sized breasts. In women with large breasts, the incidence of grade 2 moist 

desquamation was 48% in IMRT patients compared with 79% in conventionally treated 

patients. Limitations of this study were our small number of patients and the inability to 

match all IMRT patients to an appropriate control.

There have now been reports of two prospective randomized trials of breast IMRT compared 

to conventional tangential radiation therapy that have shown improvement in both acute 

dermatitis 18 and breast cosmesis at 5 years 25. In the first study, a randomized trial from 

Canada with a patient population of 358 patients, Pignol et al compared standard wedge 

compensated conventional radiation therapy to IMRT and found that IMRT was associated 

with improved dose homogeneity and a reduced incidence of moist desquamation (31% vs. 

48%, p=0.0019) 18. This was observed in all breast quadrants, but a particularly large 

difference was noted for the inframammary fold, whereas a 26% incidence of moist 

desquamation was seen in IMRT patients as opposed to a 43% incidence in patients treated 

with standard techniques (p=0.0012). In the second study, a randomized trial from the 

United Kingdom reported by Donovan et al, standard radiotherapy was compared to IMRT 

in early-stage breast cancer 25. There were 240 evaluable patients, out of 306 patients, for 

whom there were photographs that could be reviewed to assess changes in breast 

appearance. There was a negative change in breast appearance in 58% of women 

randomized to receive 2D conventional treatment compared with a negative change in breast 

appearance in only 40% of women randomized to receive IMRT. 2D radiotherapy in this 

trial was therefore 1.7 times more likely than IMRT to cause a negative change in breast 

appearance (p=0.008). Fewer patients treated with IMRT were also found to develop 

palpable induration on objective examination.

Despite the results of these two prospective randomized trials, the utilization of IMRT for 

breast cancer has been met with difficulties, including skepticism regarding its merits and 

reimbursement issues. In contrast, IMRT for prostate cancer is uniformly accepted without 

such evidence-based trial research. Our study provides additional proof that there are 

observable benefits to moving beyond conventional radiation therapy for breast cancer. Our 

study did not address the controversy over whether IMRT is required in all cases. It also did 

not assess whether techniques to improve dose homogeneity in the treated breast, such as 3D 

conformal dose compensation, could reduce the radiation dose delivered by standard therapy 

to normal organs such as the lung and heart, thereby achieving results similar to those of 

IMRT 29. And there is also a need for research and consensus on what should constitute 

IMRT for breast cancer – the technique used in this study was effective in reducing the 
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duration and frequency of acute dermatitis, but definitions of breast IMRT vary across 

studies and these variations need to be considered. Future research may determine the 

relative advantages and disadvantages of the IMRT used in this study compared with other 

possible IMRT methods.
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Figure 1. 
Mean frequency of dermatitis by week of treatment during radiation therapy for 

conventional (n=405) and IMRT (n=399) treated patients.
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Table 1

Common Terminology Criteria for Adverse Events for Acute Radiation Dermatitis Grade Acute Dermatitis 

Scoring

Grade Acute Dermatitis Scoring

0 No change

1 Faint erythema or dry desquamation

2 Moderate to brisk erythema; patchy moist desquamation, mostly confined to skin folds and creases; moderate edema

3 Moist desquamation other than skin folds and creases; bleeding induced by minor trauma or abrasion

4 Skin necrosis or ulceration of full thickness dermis; spontaneous bleeding from involved site

5 Death
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Table 2

Patient characteristics. (numbers in table represent number of patients)

Conventional IMRT p value

Number of Patients 405 399

Bra Size < 0.0001

      Small (32; 34A,B; 36A) 56 43

      Medium (34C; 36B,C; 38A,B,C) 151 161

      Large (any D or size 40+) 105 145

      Unknown 93 50

Chest wall separation 0.002

      Mean 21.4 22.2

      Range 13.2 – 32.6 15.6 – 32.5

Tumor stage 0.02

      Tis 66 65

      T1 289 256

      T2 50 78

Nodal stage NS

      N0 228 250

      N1-3 90 77

      N4+ 19 11

      NX 68 61

Breast dose (Gy) NS

      Median 46 46

      Range 40 – 50.4 34 – 60

Total dose (Gy) NS

      Median 60 60

      Range 50 – 66 34 – 66

Energy (MV) <0.0001

      6 219 165

      10 131 194

      18 55 38

Chemotherapy 0.005

      No 274 228

      Yes – before radiation 116 159

      Yes – concurrent with radiation 4 1

      Yes – after radiation 11 11

Tamoxifen 0.006

      No 161 143

      Yes – before and/or concurrent 22 7

      Yes – after radiation 222 249

NS = not statistically significant at the 0.05 level
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Table 4

Multivariate analysis for significant predictors of grade 2 or higher radiation dermatitis.

Variable Comparison Odds Ratio 95% range p value

Technique Conventional vs. IMRT 2.03 1.50–2.75 < 0.001

BRA size Medium vs. small 1.50 0.94–2.40 0.093

BRA Large vs. small 2.73 1.63–4.60 < 0.001

BRA Unknown vs. small 2.07 1.22–3.52 0.007

Treatment week Continuous variable 2.36 2.21–2.51 < 0.001

Energy (MV) 10 vs. 6 0.91 0.62–1.32 0.615

Energy (MV) 18 vs. 6 1.21 0.69–2.12 0.496

Chestwall size Continuous variable 1.06 1.00–1.12 0.059

Chemotherapy* Yes vs. No 1.86 1.11–3.12 0.018

Tamoxifen* No vs. Yes 1.40 1.05–1.86 0.021

*
Yes = chemotherapy or tamoxifen prior to or during radiation. No = none or only after radiation was completed.
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