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Introduction: Breast cancer is the most common female malignancy worldwide. Breast-
conserving surgery followed by adjuvant radiotherapy is a preferable treatment option.
Hypofractionated radiotherapy is an attractive fractionation scheme because of its shorter
treatment duration. This paper aims to report the short-term and long-term toxicity of
hypofractionated radiotherapy in breast cancer patients at our institution.

Case Presentation: A 58-year-old woman with right breast cancer T2N1MO had undergone
breast-conserving surgery with axilla lymph node dissection. This patient underwent adjuvant
whole breast radiotherapy with a dose of 42.56 Gy in 16 fractions followed by tumor bed boost
with a dose of 16 Gy in 8 fractions. After undergoing the fourth fraction of boost, she had
hyperpigmentation on her radiation area (RTOG skin toxicity grade 1). At the 6-month follow-up,
the hyperpigmentation still appeared. Until the 24-month follow-up, after she completed
radiotherapy, there was no sign of tumor recurrence and toxicity.

Conclusion: Hypofractionated radiotherapy could be an option for breast cancer treatment that
provides equivalent local control, survival, and side effects to conventional fractionation
radiotherapy.

INTRODUCTION

Based on the Indonesian Ministry of Health data in
2013, the prevalence of breast cancer in Indonesia was
61,682 patients. According to GLOBOCAN 2018, the
incidence of cancer in the world has increased to 18.1
million cases, with a breast cancer incidence of 2,088,849
cases (11.6%) and a mortality rate of 626,679 cases
(6.6%) [1,2].

In breast cancer patients, adjuvant radiotherapy is
aimed at preventing tumor recurrence and increasing
survival. According to the Early Breast Cancer Trialists’
Collaborative Group (EBCTCG), adjuvant radiotherapy
after breast-conserving surgery reduces 5-year recurrence
by 13%, decreases 5-years mortality by 1%, decreases
10-year recurrence by 15.7%, and decreases 10-year
mortality by 3.8% [3].

Based on many previous publications, it can be
concluded that breast cancer has a low o/B ratio. The
average o/B ratio of these previous studies was 2.88
Gy with a range of 2.21 - 4.39 Gy. Because of it, longer
fractionation does not result in significant benefits in
terms of local control, and it has been proved in many

randomized clinical trials. Therefore, shorter fractionation,
which is called hypofractionated radiotherapy, is more
interesting to be delivered to the patient because it is
more convenient and the radiation treatment of acute
or late toxicity is comparable with conventional
fractionation. Acute toxicity is defined as the side effect
occurring since the commencement of the treatment
through day 90, whereas late toxicity occurs more than
90 days after the treatment starts [4-7].

This paper aims to report the short-term and long-
term toxicity of hypofractionated radiotherapy in breast
cancer patients at our institution.

CASE PRESENTATION

A 58-year old woman presented with a chief
complaint of a lump on her right breast. The lump felt
hard, painful, and mobile. There were also 2 mobile
lumps on her right armpit. The patient was diagnosed
with T2N1MO right breast cancer; then, she underwent
breast-conserving surgery and axillary lymph node
dissection, and, currently, she is undergoing aromatase
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inhibitor therapy. The histopathological examination
result was invasive carcinoma of no special type (NST),
grade 3, free margin, positive axillary lymph nodes in
3 of 15, and no lymphovascular invasion was found.

From the immunohistochemistry examination, she was
classified in Luminal B sub-groups because the estrogen
and progesterone receptors were positive, Her-2 receptor
was negative, and the Ki-67 index was 50%. This patient
received adjuvant whole breast hypofractionated
radiotherapy using a 3D conformal radiotherapy technique
with the wedge. The prescribed dose was 16 x 2.66 Gy
followed by 8 x 2 Gy boost on the tumor bed. From
treatment planning results, it was found that 95% of the
dose reached 97% of PTV volume and obtained 0.4 % of
hotspots. For the exposure to organs at risk, the
contralateral breast had a mean dose of 2.4 Gy, the
ipsilateral lung V20=26%, the contralateral lung V5=0%,
the heart V25= 0%, the esophagus V45=0%, and the spinal
cord received a maximum dose of 1.19 Gy. She underwent
radiation treatment without any break. Figure 1.A shows
the dose distribution of whole breast irradiation and Figure
1.B shows the dose distribution of boost irradiation.

Figure 1. (A) Dose distribution of whole breast irradiation; (B) dose
distribution of boost irradiation

Until the completion of the whole breast radiation
with a total dose of 42.56 Gy, there was no side effect
found. The whole breast radiation was followed by a
boost phase with a dose of 16 Gy in 8 fractions. After
undergoing 4 fractions in the boost phase, we found
hyperpigmentation in the radiation area (RTOG skin
toxicity grade 1). The patient finally had completed the
radiation with a good clinical response, no progressive
lesions, and tolerable acute side effects on the skin.

After finished radiotherapy, the patient received 4
cycles of chemotherapy with regimens of Paclitaxel and
Cisplatin followed by an aromatase inhibitor. At 6 months
after the radiation finished, there was still
hyperpigmentation in the radiation area without any
locoregional recurrence by physical examination confirmed
with ultrasonography. At 10-, 14-, and 24-month follow-
ups, we found no treatment-related toxicity, no
locoregional recurrence, and no distant metastasis. Figure
2 shows the clinical picture before radiation, Figure 3.A
shows the clinical picture at 10 months after radiation
finished, Figure 3.B shows clinical picture at 14 months
after radiation finished, and Figure 3.C shows clinical
picture at 24 months after radiation finished.

Figure 3. (A) Clinical picture at 10 months after radiation finished;
(B) 14 months after radiation finished; (C) 24 months after
radiation finished

DISCUSSION

In this case, the patient underwent breast-conserving
surgery followed by adjuvant radiotherapy. Radiotherapy
was delivered in a hypofractionated scheme to shorten
the radiation treatment period, so she could undergo
adjuvant chemotherapy as soon as possible. Less fraction
radiotherapy could also save costs incurred by both the
patient and the government. According to ASTRO
guidelines in 2018, hypofractionated radiotherapy could
be given without considering the patient’s age and stage
without additional regional lymph node radiation, in
patients with or without chemotherapy, and it is
expected that the volume of breast tissue that receives
105% prescription dose should be minimized [6].

The patient was given the whole breast radiation with
a dose of 16 x 2.66 Gy followed by a boost dose of 8 x
2 Gy in the tumor bed, with a total dose equivalent to
EQD2 59.2 Gy. This EQD2 value was similar to conventional
fractions with a scheme of 25 x 2 Gy followed by 5 x 2
Gy of boost. The radiation was delivered with a 6 MV
photon energy using a linear accelerator machine. In this
patient, the boost dose was given in accordance with the
National Comprehensive Cancer Network (NCCN) which
provides a boost dose of 10 -16 Gy in 4 - 8 fractions [8].
Meanwhile, in the studies of START A and B, boost in
tumor bed was not always delivered. Boost was
recommended at a dose of 10 Gy in 5 fractions. Tumor
bed boost was performed in 61% of patients at START A
and 43% at START B, whereas in the Whelan study, tumor
bed boost was not allowed [3,9-11].
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The aim of giving a boost, in this case, was to reduce
the risk of local recurrence in the patient. In accordance
with ASTRO 2018 guidelines, patients aged 51-70 years
with high-grade pathology results are strongly
recommended for a boost. In a study conducted by
Bartelink et al. [12], it was found that the number of
local ipsilateral breast recurrence in patients without a
boost was 13% while in patients who received a boost
was 9% (HR 0.65, 99% Cl 0.52-0.81, P < .0001). On the
other hand, there was no significant 20-year survival
difference between the patients who received and did
not receive a radiation boost. In the European Organization
for Research and Treatment (EORTC) study 22881-10882,
there was also a higher cumulative incidence of local
recurrence in patients without boost compared with those
who received a boost with a 10-year recurrence incidence
rate of 10.2% compared to 6.2% (P < .0001) [6,12,13].

Besides those doses, according to the Forum for
Nuclear Cooperation in Asia (FNCA) study, the boost could
be given in a scheme of 3 x 2.7 Gy which follows the
whole breast irradiation dose of 16 x 2.7 Gy. The total
dose of EQD2 is 57.29 Gy which is not much different
from the total dose of EQD2 in the conventional fraction.
In the FNCA study period of February 2013 until October
2017, there were 235 cases of radiotherapy with 163
patients receiving radiation boost to tumor beds. From
the observation, they found acute dermatitis grade > 2
in 26 patients. For advanced toxicity, grade-2 pulmonary
toxicity was obtained in 1 patient, grade-2 skin toxicity
in 1 patient, and grade-2 subcutaneous toxicity in 1
patient. During that observation follow-up, they also
found 1 locoregional recurrence, 3 distant metastases,
and 2 cases of death related to breast cancer [14].

In this case illustration, there were grade-1 skin side
effects that appeared after the 4th fraction of the boost

phase. The side effects appeared as hyperpigmentation
in the radiation area, without wet desquamation or any
pain. These side effects continued until the patient was
followed up at 6 months after radiation. After that, up
to 24-month follow-up, after radiotherapy was completed,
we found no treatment-related toxicity in the radiation
area such as breast shrinkage, breast hardness, and
telangiectasia. For other organs at risk such as the lungs,
heart, contralateral breast, esophagus, and spinal cord,
acute and late toxicity has not been reported until
recently. This clinical finding was consistent with the result
of treatment planning, where there were no organs at
risk that received doses exceeding the constraints.

From the hypofractionated radiotherapy studies, RMH/
GOC, START A, START B, and Whelan, we know that
patients who underwent hypofractionated radiotherapy
had a lower hazard ratio of skin toxicity than those who
underwent conventional fraction. At this time, there is
no evidence that patients who underwent hypofractionated
radiotherapy have more severe side effects than those
who had conventional fractions [5]. Table 1 shows the
recurrence and side effects in conventional and
hypofractionated radiotherapy.

A similar result was reported by Osako et al. [15]
whose study compared the incidence of dermatitis and
pneumonitis in breast radiation after breast-conserving
surgery and adjuvant radiotherapy with conventional
fractions and with the hypofractionated scheme. Patients
were evaluated using Common Terminology Criteria for
Adverse Events (CTCAE) version 3. The results of the
grade-2 and -3 dermatitis on hypofractionated
radiotherapy were 13% lower than in the conventional
fraction (P = .016) and grade-2 pneumonitis was 1% in
patients with conventional radiation, but there was no
pneumonitis in hypofractionated radiotherapy.

Table 1. Recurrence and side effects in conventional and hypofractionated radiotherapy.

Sample Dose (Gy)/ Locoregional recurrence 5 year skin toxicity

. T
Study Design (n) fraction 5/10 year %) (% or HR) Other acute toxicity (%)
RMH/ RCT 1410 50/25 10 year 12.1 12.0 N/A
GOC 42.9/13 14.8 13.0
[16] 39/13 9.6 5.6
START A RCT 2236 50/25 5 year 3.6 1.0 Breast shrinkage (20.4/23.4/22.3)
[9] 41.6/13 5.2 0.83 Breast stiffness (42.6/44.6/34.9)
39/13 3.5 0.63 Breast edema (15.2/12.1/12.0)
START B RCT 2215 50 /25 5 year 3.3 1.0 Breast shrinkage (24.4/23.2)
[10] 40 /15 2.2 0.76 Breast stiffness (42.3/38.2)
Breast edema (12.4/10.5)
Whelan RCT 1234 50 /25 5/10 year 3.2/6.7 3.3 N/A
[11] 425 /16 2.8/6.2 3.2
FNCA Prospective 406 43.2/ 16 5 year 1.4 6 N/A
[14] + boost
81/3

RMH/GOC: Royal Marsden Hospital / Gloucestershire Oncology CenterSTART A: Standardization of Breast Therapy A

START B: Standardization of Breast Therapy B
FNCA: Forum for Nuclear Cooperation in Asia
RCT: Randomized Control Trial
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In the START A study, after a median follow-up of
5.1 years, 5-year locoregional relapses was 3.6% in the
50 Gy group (95% Cl 2.2 - 5.1), 3.5% in 41.6 Gy group
(95% Cl 2.1 - 4.3), and 5.2% in 39 Gy (95% Cl 3.5 - 6.9).
Photographs and patient self-assessments showed a
lower rate of late adverse events in the group of 39
Gy compared to 50 Gy with a hazard ratio of 0.69. In
the START B study, after a 6-year follow-up median,
the 5-year recurrence rate in the 40 Gy group was 2.2
% (95% Cl 1.3-3.1) and 3.3% (95% CI 2.2 to 4.5) in the
50 Gy group. From both studies, 5-year locoregional
recurrence rates were lower in the hypofractionated
radiation group than in the conventional fraction group.
In the study by Whelan et al. [11], after 10 years of
follow-up, patients who underwent conventional
radiation had 6.7% local recurrence and those who
underwent hypofractionated radiation had 6.2% local
recurrence. In the RMH/GOC study, after a median
follow-up of 9.7 years, the 10-year recurrence risk rate
was 12.1% in the 50 Gy group, 14.8% in 39 Gy group,
and 9.6% in 42.9 Gy group [9-11,16].

There are several predictors of breast radiation toxicity.
Parekh et al. [17] found a relationship between the
incidence of breast irradiation acute skin toxicity related
to the type of surgery, the number of fractions, Body
Mass Index (BMI), regional lymph node radiation, and
chemotherapy. In post-radiation breast cancer patients,
wet desquamation occurred in 24% post-mastectomy
patients and 8.7% post-BCS patients. When the fractionation
scheme is compared, wet desquamation occurred in 10.9%
and 1.8% of patients undergoing conventional fractionation
and hypofractionation, respectively. The study showed that
higher BMI increases skin toxicity incidence. Regional lymph
node radiation and chemotherapy are also predictors of
breast toxicity. In this case, the patient had BMI of 29.29
kg/m2, classified as grade-l obesity, which could be a
predictor of acute toxicity.

The radiation technique also affects the occurrence
of toxicity to the skin. Modern radiation techniques such
as intensity-modulated radiotherapy (IMRT), either inverse
or forward planning (field-in-field/FIF), can reduce hotspots
on the skin with better homogeneity compared to simple
radiation with a wedge. With the reduction of hotspots,
toxicity is also expected to decrease. IMRT is also
beneficial to reduce the incidence of late side effects on
the skin, such as induration and telangiectasia [18].

Some techniques could be the options in breast
radiation, such as 2D, 3D, and IMRT. The radiation
technique performed on this patient was 3D conformal
radiotherapy with a wedge. Wedge was used to
homogenizing the dose distribution in PTV and to avoid
hotspot dose. If there were lots of hotspots and the
homogeneity was not achieved by a wedge, the use of
the field-in-field technique and IMRT could be
considered. From a study by Donovan et al. [19] in
2002, in a standard technique with a wedge, PTV that

received > 105% of the dose was 11.7%, whereas, in
the IMRT technique, the PTV who received > 105% of
the dose was 1% (P < .001). In a study by Donovan et
al. [20] in 2007, they compared changes in breast
appearance in groups that underwent 2D and 3D IMRT
radiation techniques. At the 5-year evaluation, the 2D
group had breast appearance changes 1.7 times more
than that of the 3D IMRT group (P = .008, 95% Cl 1.2-
2.5). Fewer patients experience breast induration in
inframammary folds, pectoral folds, and boost area.

In breast cancer patients who underwent breast-
conserving surgery, radiation boost can be delivered
sequentially or concomitantly. In a study by De Rose
et al. [21], they observed skin side effects after
hypofractionated radiotherapy with simultaneous
integrated boost (SIB) after breast-conserving surgery
with or without adjuvant chemotherapy and
immunotherapy. In the group that received radiotherapy
only, acute skin toxicity grades 1, 2, and 3 were 48.5%,
14.1%, and 0.2%, respectively. Meanwhile, in the
combined chemotherapy and immunotherapy group,
the same toxicity was 51.1%, 9.7%, and 0%. At 2 years
of follow-up in the combined chemotherapy and
immunotherapy group, the grade-1 and grade-2 skin
toxicity was 13.5% and 0%, respectively. By this study,
we know that hypofractionated whole-breast radiotherapy
with SIB can be a safe option for delivering a boost in
patients with adjuvant systemic therapy.

CONCLUSIONS

Hypofractionated radiotherapy can be a choice in breast
cancer treatment that promises equivalent local tumor
control, survival, and side effects equivalent to conventional
fraction radiotherapy. By choosing hypofractionated
radiotherapy, we can save time and cost, shorten treatment
duration, increase patients’ comfort, and increase treatment
capacity. There have been many studies of hypofractionated
radiotherapy that have focused on the efficacy of success
and side effects. We hope that we can conduct a
prospective study to assess treatment response and toxicity
in our population, so hypofractionated radiotherapy can
be more widely applied to various institutions especially
during Covid-19 pandemics.
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