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Abstract. Background/Aim: The aim of this study was to analyze the toxicity of
locoregional adjuvant breast cancer radiotherapy after implementation of this service in a
rural healthcare region with long travel distance. Patients and Methods: This was a
retrospective single-institution analysis of 87 consecutive female patients (the initial
cohort), managed with conventionally fractionated 3-D conformal radiotherapy with or
without boost, including both post mastectomy and breast conservation scenarios.
Treatment was administered in line with comprehensive national guidelines. Intensity-
modulated techniques were not utilized. Results: The median follow-up time was 4 years.
None of the patients developed any grade IV side-effects. According to Radiation Therapy
Oncology Group (RTOG) criteria, acute grade 2b or 3 skin toxicity was observed in 16%.
In addition, 35% developed acute grade 2a skin reactions. A trend was observed
regarding grade 2-3 skin toxicities and administration of a boost (p=0.058). There was a
significant association between the clinical target volume of the breast and grade 2-3 skin
reactions in women who had breast-conserving surgery (p=0.016). Five patients (6%)
developed grade 1 pneumonitis, unrelated to dosimetric or other baseline parameters.
Conclusion: The toxicity profile after a median follow-up of 4 years was in accordance
with published data. Recently, intensity-modulated techniques have been implemented
at the study center, which may reduce radiotherapy toxicity in patients with large clinical

target volume due to better dose homogeneity.



Locoregional adjuvant radiotherapy is a well-established component of the multimodal
treatment concepts currently in use for breast cancer, either after breast conservation
therapy or after mastectomy (1-3). In Norway, national guidelines developed by the
Norwegian Breast Cancer Group specify the treatment sequence (neoadjuvant systemic
therapy, surgery, adjuvant systemic therapy, adjuvant radiotherapy), types of drugs and
aspects of radiotherapy, while taking into account the stage and biology of the tumor.
Historically, a large region in rural northern Norway had limited access to radiotherapy,
leading to the implementation of a radiotherapy unit in the capital of this region, the city
of Bodg (4). Before this unit became operational in 2007, the travel distance to other
centers exceeded 400 km. As described earlier, the initial purpose of the new unit was to
offer palliative radiotherapy (5). However, a gradual expansion of the services in Bodg
have allowed for implementation of adjuvant breast cancer treatment. Given that newly
established treatment modalities should undergo rigorous quality assurance in order to
confirm their clinical safety and to ensure that outcomes resemble those obtained in
comparable healthcare settings, the present retrospective study was undertaken. As an

indicator of safety, toxicities observed in the first four years were analyzed.

Patients and Methods

All consecutive female patients treated with locoregional adjuvant conventionally
fractionated radiotherapy after implementation of this service in 2014 until May 2018 were
included in this quality assurance audit. The latter date was chosen to ensure sufficient
follow-up of at least 2 years. Male patients and those who received hypofractionated
regimens, e.g. due to very old age or distant metastatic disease, were excluded. In

accordance with the national guidelines (6), the breast or chest wall were treated in 3-



dimensional conformal tangential technique with 25 fractions of 2 Gy (once daily, 5
fractions per week). The use of bolus material was determined on a case-by-case basis.
The lymphatic regions received 23 fractions of 2 Gy, typically in an anterior-posterior 3-
dimensional conformal technique. Most patients were treated to the lymphatic regions I-
IV and interpectoral drainage, as outlined in a European guideline (7). Level | was
excluded in the case of previous removal of at least 10 lymph nodes, except for cases
with macroscopic perinodal extension or tumor deposits in the axillary fat tissue. This
policy was specified in the national guideline. The internal mammary nodes were treated
on a case-by-case basis. A boost of 8 fractions of 2 Gy was prescribed for patients <50
years of age. A boost of 5 fractions of 2 Gy was prescribed in patients older than 50 years
of age when the tumor extended to the resection margin. Typically, a photon boost was
given (sometimes electrons). All treatments were discussed in the hospital’s weekly
Multidisciplinary Breast Cancer Tumor Board. Intensity-modulated techniques were not
available. Dosimetric parameters and organ-at-risk constraints were specified in the
national guidelines. In March 2016, the deep inspiration breath hold (DIBH) technique
was implemented. Before that date, only patients with right-sided tumors were treated in
Bodg. Consequently, all study patients with left-sided disease received DIBH
radiotherapy. Those with right-sided disease were initially irradiated without DIBH.
Adjuvant chemotherapy was given before radiotherapy, whilst human epidermal growth
factor receptor 2 (HER2)-directed treatment continued during radiotherapy. Adjuvant
endocrine therapy was started before or during radiotherapy, depending on logistic
aspects and patient preference. No consistent skin care protocol was applied. Physician-
assessed toxicity was registered at the end of radiotherapy using the Radiation Therapy

Oncology Group grading system for skin reactions, which features grades 0, 1, 2a, 2b, 3



and 4 (8). Other side effects were assessed according to Common Terminology Criteria
for Adverse Events (CTCAE version 4.0 (9). Afterwards, patients who had undergone
neoadjuvant treatment were assessed every 6 months; the others had yearly follow-up.
Baseline and follow-up data were extracted from electronic health record systems.
Factors predicting for acute toxicity were assessed. Statistical analyses included
chi-square or Fisher’s exact test and binary logistic regression (SPSS 27; IBM Corp.,
Armonk, NY, USA). The median follow-up was 4 years. The database created for the
purpose of this quality-of-care analysis did not require approval by the local Ethics

Committee (REK Nord).

Results
The study included 87 patients, one of whom was treated for bilateral synchronous breast
cancer (88 locoregional treatment regions). Most of these 88 regions were treated in
postmenopausal women (74%) (Table I). The majority (75%) had stage Il disease (T1-2
N1), often grade 2, hormone receptor positive and HER2 negative. As indicated in Table
II, 8% were triple-negative and 14% HER2-positive. Post mastectomy radiotherapy was
performed in 44%. In 36%, surgery was preceded by neoadjuvant treatment. In 17%,
irradiation included a local boost. Further treatment details are summarized in Table Il1.
None of the patients developed any grade IV side-effects (Table 1V). Acute grade
2b or 3 skin toxicity was observed in 16%. In addition, 35% developed acute grade 2a
skin reactions. A trend was observed regarding these grade 2-3 skin toxicities and
administration of a boost [odds ratio (OR)=3.6, confidence interval (Cl)=0.99-12.8;
p=0.058]. Logistic binary regression showed a significant association between the clinical

target volume (CTV) of the breast and grade 2-3 skin reactions in women who had breast-



conserving surgery (OR=1.003, CI=1.001-1.005; p=0.016). This was not the case in the
post mastectomy subgroup (p=0.27) with much smaller CTV; the median CTV was 606
cm? after breast-conserving surgery. The other factors displayed in the Tables did not
correlate with grade 2-3 skin reactions. Five patients (6%) developed grade 1
pneumonitis, unrelated to dosimetric or other baseline parameters.

Eight patients (9%) developed breast-/shoulder-related late side-effects, mainly
fibrosis. These side-effects were less frequently observed in patients older than 60 years,
i.e. the median age (OR=0.14, CI=0.03-0.655; p=0.014). Boost radiotherapy increased
the risk of late side effects (OR=6.2, Cl=1.3-28.4; p=0.027). No cardiac side-effects were
reported.

Overall, five patients (6%) developed distant metastases, including the only patient

who presented with a locoregional relapse in the irradiated region.

Discussion

After decades of breast cancer therapy improvements, locoregional adjuvant
radiotherapy is regarded a safe and effective treatment (1-3, 10). Nevertheless, typical
and expected side-effects are often observed, e.g. skin reactions, breast edema or pain,
pneumonitis, fibrosis or lymphedema (11, 12). Due to technical improvements such as
intensity-modulated radiotherapy and DIBH, a better toxicity profile can be achieved in
the modern era (13, 14). The purpose of the present study was to evaluate the toxicity of
locoregional adjuvant radiotherapy as part of a comprehensive quality assurance project,
ensuring that this newly established service at Nordland Hospital provides results

comparable to those reported in the literature.



We evaluated the first 87 patients (88 treatment regions, all treated before
intensity-modulated radiotherapy was implemented) with a median follow-up of 4 years.
The typical patient was postmenopausal, had stage Il hormone receptor-positive breast
cancer and was managed with breast-conserving surgery and conventionally fractionated
irradiation. However, treatment was tailored to factors such as age and cancer biology,
as recommended in the national guidelines. Younger patients (<50 years) of age received
a boost. The use of bolus material was individualized because the current literature and
guidelines leave room for diverging opinions and policies (15, 16). This is also true for
inclusion of the internal mammary lymph nodes (17). Typically, a bolus was not used and
the internal mammary lymph nodes were not included.

The toxicity rates observed in our study, which adhered to treatment planning
objectives outlined in national guidelines, correspond well to other reports in the literature
(18-20). We found that larger breast CTV and boost administration were associated with
worse toxicity. Given that younger patients were selected for a boost, the fact that patients
older than 60 years reported fewer and lower-grade late side-effects is understandable.
Often, severe acute toxicity translates into chronic skin changes and fibrosis. The latter
might compromise breast size and cosmetic appearance beyond surgery-related defects.
Some of the previous studies cited above reported that additional factors such as body
mass index, smoking or use of bolus material influenced the toxicity outcomes. However,
these studies were much larger and thus better suited to address the complete picture of
risk factors.

It was reassuring to learn that only one patient developed a locoregional
recurrence. In other studies, the prevailing pattern of recurrence was distant metastasis

without locoregional component (2, 3, 21). The limited statistical power of the present



evaluations in 87 patients represents the major disadvantage of our study. Furthermore,
follow-up was too short to fully address the complete spectrum of late toxicities including
cardiac events, which may develop after 10 years or more. Patient-reported outcomes or
lymphedema measurements were not included. Moreover, disease relapse is not
necessarily expected to occur within the first 5 years in the present era of effective
systemic therapy. Even if the radiotherapy concepts were based on national guidelines,
heterogeneity existed. Despite such limitations, the data suggest that satisfactory
treatment results can be obtained in rural healthcare settings. In the future, shortening of
the overall radiotherapy time (5 weeks + boost) by means of hypofractionation or
simultaneous integrated boost may be considered, a strategy that was followed during
the time period of this study in the oldest patients and when distant metastases were

present at first diagnosis of breast cancer.
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Table I. Patient characteristics (N=88).

Parameter Subgroup Number (%)
Age <60 Years 45 (51)
>60 Years 43 (49)
Median (min-max) 60 (33-85)
Body mass index <18.5 kg/m? 0(0)
18.5-25 kg/m? 32 (36)
>25-35 kg/m? 49 (56)
>35 kg/m? 7(8)
Menopausal status ~ Pre 14 (16)
Peri 5(6)
Post 65 (74)
Not documented 4 (5)
Comorbidity Chronic obstructive pulmonary disease 4 (5)
Cardiac disease 4 (5)
Hypertension 23 (26)
Diabetes mellitus 4 (5)
Hypercholesterolemia 17 (19)
Autoimmune disease excluding thyroid 10 (11)
Autoimmune disease including thyroid 20 (22)
Smoking habit Yes 14 (16)
No 42 (48)
E-cigarette 2(2)
Not documented 30 (34)
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Table II. Tumor characteristics (N=88).

Parameter Subgroup Frequency, n (%)
Histology Ductal carcinoma 72 (82)
Lobular carcinoma 11 (13)
Both components 1(1)
Not specified 4 (5)
TNM stage Stage 2 66 (75)
Stage 3 22 (25)
pT stage TO/complete response 11 (13)
T1 35 (40)
T2 35 (40)
T3 4 (5)
T4 2(2)
Not documented 1(1)
pN stage NO 18 (20)
N1 64 (73)
N2 5 (6)
Not documented 1(1)
Number of positive lymph nodes 0 18 (20)
1 47 (53)
2 11 (13)
3-5 8 (8)
6-9 5(6)
Positive nodes after axillary dissection ~ 0-10% 16 (36)
11-50% 24 (53)
>51% 5(11)
Multiple tumors Ipsilateral 15 (17)
Bilateral tumor(s) 3(3)
Perinodal tumor extension Yes 36 (41)
No 52 (59)
Primary tumor size <20 mm 47 (53)
>20 mm 41 (47)
Histological grade 1 14 (16)
2 47 (53)
3 14 (16)
Not documented 13 (15)
Ki-67 <30% 41 (47)
31-60% 26 (30)
>60% 4 (5)
Not documented 17 (19)
Blood vessel invasion Yes 16 (18)
No 31 (35)
Possible 2(2)
Not documented 39 (44)

Lymphatic vessel invasion Yes 9 (10)



Margin

Estrogen receptor status
Progesterone receptor status
HER?2 status

Triple-negative
BRCA mutation

DCIS component

TNM: Tumor, Node, Metastases

No

Possible

Not documented
Involved

Free margin 0-1 mm

Free margin >1mm
Not specified free

margin
Positive
Negative
Positive
Negative
Positive
Negative

BRCAl

BRCA2
BRCA-mutation
negative

Not tested

Yes

No

Not specified

HER: human epidermal growth factor receptor

BRCA: breast cancer gene
DCIS: ductal carcinoma in situ

54 (61)
4 (5)
21 (24)
9 (10)
17 (19)
52 (69)
10 (2)

75 (85)
13 (15)
63 (72)
25 (28)
12 (14)
76 (86)
7(8)
1(1)
2(2)
43 (49)

42 (48)
37 (42)
48 (55)
3(3)
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Table lll. Therapeutic parameters (N=88).

Parameter Subgroup Value
Breast surgery, n (%) Conservative 47 (33)
Ablation 39 (44)
Oncoplastic 2(2)
Axillary surgery, n (%) Dissection 45 (51)
Sentinel node 42 (48)
None 1(1)
Neoadjuvant treatment, n (%) None 56 (64)
Endocrine 2(2)
Chemotherapy 26 (30)
Endocrine + 1(1)
chemotherapy
HER2 + 33
chemotherapy
Adjuvant treatment, n (%) None 4 (5)
Endocrine 43 (49)
Chemotherapy 7(8)
Endocrine + 22 (25)
chemotherapy
Chemotherapy + 1)
HER2
Chemotherapy + 33
endocrine + HER2
Endocrine + HER?2 2(2)
HER2 6 (7)
Diagnostic setting, n (%) Screening 23 (26)
Palpable mass 51 (58)
Other symptomatic 8(9)
complaints
Other settings 6 (7)
Volume of breast or thoracic wall, n (%) <250 cm3 17 (19)
250-499 cm3 27 (31)
500-999 cm3 36 (41)
>1,000 cm3 8 (9)
Boost, n (%) Yes 15 (17)
Inclusion of internal mammary nodes, n (%) Yes 4 (5)
Bolus, n (%) Thoracic wall 19 (21)
Prothesis, n (%) Yes 33
Dmax (%), N=88 Median (range) 108, 103-111
Dos CTV (%), N=88 Median (range) 94, 91-97
D, CTV (%), N=88 Median (range) 106, 101-108
Heart Dmean (Gy), N=45 Median (range) 1.4,0.3-2.8
Lung V20 (%), N=88 Median (range) 27,13-36

CTV: clinical target volume
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HER: human epidermal growth factor receptor
Dmax: maximum dose

Dos: dose to 98% of the CTV

D.: dose to 2% of the CTV

Dmean: mean dose

Gy: Gray

V20: lung volume exposed to 20 Gy
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Table IV. Toxicity outcomes (N=88).

Toxicity type Grade Number (%)
RTOG acute skin reaction 0-1 43 (49)
2a 31 (35)
2b-3 14 (16)
4 0 (0)
CTCAE pneumonitis 0 83 (94)
1 5 (6)
>1 0(0)
CTCAE skin changes, | 0 80 (91)
fibrosis, pain (breast/thoracic | 1-2 8 (9)
wall/shoulder) >2 0 (0)

RTOG: Radiation Therapy Oncology Group

CTCAE: Common Terminology Criteria for Adverse Events (version 4.0)
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