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Abstract

COMPARATIVE ESTIMATION OF MORBIDITY RATE AND
DEGREE OF SKIN LESIONS DURING HYPOFRACTIONATED
AND TRADITIONAL RADIOTHERAPY OF BREAST CANCER
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Background: Radiation therapy is a necessary step for the integrated treatment of breast cancer.
The traditional scheme of treatment is the use of 2 Gray in 25 fractions to the total focal dose of 50 Gy.
However, like any other treatment method, radiation therapy provides a variety of side effects on normal
tissue in the irradiated field. To solve this problem it is necessary to develop suitable treatment regimens
to achieve better local control with minimal risk on the normal tissues.

A variety of hypofractionated radiotherapy schedules has been proposed after surgery in the attempt
to shorten the overall treatment time. The aim of the present study is to assess acute toxicity of using
daily fractionation of 2.7 Gy to a total dose of 43.2 Gy to the whole breast in a monoinstitutional series.

Methods: Study design is non-randomised clinical trial. 132 Patients were evaluated for toxicity
according to RTOG acute adverse effect criteria at the end of treatment and 3, 6 months after treatment.
Mann-Whitney U test was used for comparing acute toxicity rate between patients treated with
hypofractionation and traditional radiotherapy. A p value of <0.05 was taken as significant. The whole
analysis was performed with SPSS ver.20 software.

Results: Hypofractionation is very well tolerated; more than 80% of patients had no toxicities at all
with the treated schedule. The rate of mild toxicity (> grade 2) was minimum in these patients (p=0.023).

Conclusions: The results of our study, according to the large randomized trials, confirmed that
hypofractionated is safe.

Key words: radiation therapy, breast cancer, Hypofractionation, acute toxicity.
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AktyanbHocTb: JlyyeBas Tepanus saBnsetcs o6s3aTeNibHbIM LIAroM Ans KOMMEKCHOTO nevyeHns
paka MOMOYHOW Xenesbl. TpaauMUMOHHON CXEMOM NleveHus aBnseTcs npumeHeHne 2 lpen 3a 25
pakuMin Jo cymmapHoi ovaroBon 4osbl 50 I'p. Ho kak v noboit gpyroit METOA NeYeHus, yyeBas
Tepanusa AaeT pasHoobpasHble NoboyHble atheKTbl Ha HoOpMarbHbIe TkaHK B 06nyyaemom none. [Ans
peLLeHuns aToi npobneMbl HeobxoanMo paspaboTaTb NMpUEMIEMblE CXEMbI NIEYEHUS ANs JOCTUKEHNS
MNyYLLEro NOKanbHOrO KOHTPOSS C MUHUMAnbHBIM PUCKOM AJ11 HOPManbHbIX TKaHEN.

[ins cokpalleHnsi BpeMeHW neveHns Obinu NPeAnoXeHbl pPasnuyHble NocreonepaumoHHble
MNogpaKLMOHNPOBAHHbIE PEXUMbI NYYEBOI TEpanuM.

Llenblo HacTosLLero WccnefoBaHNs SBNSETCA OLEHKa OCTPOM TOKCWYHOCTU C WCMOSb30BaHWEM
eXegHeBHOro dpakunoHmpoBanmus 2,7 I'p 4o cymmapHon ao3bl 43,2 I'p Ha 0bnacTb MOMOYHOI Xenesbl
B MOHOWHCTUTYLIMOHANBbHOM MOpsiaKe.

MeTtoabl: [Iu3anH uccnenoBaHWs — HepaHZOMM3MPOBAHHOE KNWHWYeckoe uccrepoBaHue. 132
NaLMEHTOB OLiEHMBANMK Ha TOKCMYHOCTb B COOTBETCTBUMM ¢ RTOG KpuTepusiMm OCTpbIX peakuui B
KoHUe, 3, 6 MmecaueB nocne neveHus. [ns cpaBHEHMs OCTPOW TOKCUYHOCTM Obin ucnonb3oBaH U-
Kputepuin MaHHa-YUTHM mexagy rpynnamu, nonyvyaBlUMMKU NEYeHUe No rMnodopakLuMOHMPOBAHHON W
TpaguumoHHon cxeme. Mpu 3HaveHun p MeHee 0,05 pasHuua CuMTaeTCs CTATUCTUYECKW 3HAYUMON.
Becb aHanu3 bbin npoBeaeH ¢ NOMOLLbIO NporpaMmmHoro obecnevenms SPSS ver.20.

PesynbTathbl: MMnodpakyMOHMpOBaHHasa NyyeBast Tepanus O4YeHb XOPOLUO nepeHocutcs, bonee
yeM y 80% nauneHTOB He 6bINo 3adhMKCMPOBaHO NyyeBbIX peakunid. CpeaHsst TOKCUYHOCTb (> 2-1
cTeneHu) bbina MMHUManbHOM y 3Tux naumeHToB (p = 0,023).

BbiBoA: HecMoTps Ha TeopeTnyeckne N UCTOPUYECKUE NPEANOCHINKK, O MPUMEHEHUSX PA3NNYHBIX
PEXMMOB KOTOpble MOryT ycyrybutb nokasatenu yulepba HOpMarbHbIX TKaHEW, YacToTbl OCTPbIX W
NO3AHMX OCNOXHEHWI, KaK NPaBWMo, NPX HALIEM OMbITe rMNOGPaKLMOHNPOBAHNS He Obini yBENNYEHDI
[aHHble nokasatenu. OgHako, Ans NPOSIBNEHNS HEKOTOPbIX TOKCUYECKUX SBIIEHWIA MOTYT NOHaA00MTbCS
LECATUNETUS.

Knroyeeble crnosa: nydesas mepanusi, pak MOMIOYHOU Xene3sbl, 2unohpakyUoHUposaHue, ocmpast
peakyus.
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YaKbITTbl YHEMZeY YLLUiH cayneni TepanusHblH, opTypni onepauusgaH KewiHri runodpakumoHabl
TopTin KongaHbinabl. Kasipri kesgeri 3epTTeyadiH, MakcaTbl KYHEKNiKTi dpakumoHgel 2,7 [p-geH
cymmapnbl gosa 43,2 ['p aeriH MOHOMHCTUTYUMOHaNbAi XaFganaa cyT 6esi aiimarbiHa acep eTin
Xegen ynaHyabl 6aranay.

Ogictep: 132 HaykacTel RTOG kputepuscbl 6oMbiHWa eMHeH 3,6 ailfaH KeliH ynaHyablH, xKegen
peakuuanapbl 6aranangbl. Xegen ynaHyabl CanbICTbipy YLWIH MMNOGpakuMoHabl XaHe AaCTypni
cbi3bameH em anbin kaTkaH TonmTapabl U-kputepun MaHHa-YWUTHW  apKbinbl  CanbICTbIPAbI.
CraTtucTuKanblk MaHAe MaHbI3abl aitbipMa KyH p 0,05-TeH kem BonfaH xafganga. bapnbik aHanuaaep
SPSS ver.20 aknapaTTblK xabablKTapablH KOMETIMEH ©TKisinreH.

Hotmxeci: 80% Haykactapga cayneni peakuusnap TipkenmereH, cebebi HaykacTtap
rMnogpakLMOHMPOBaHAbI CayNeni TepanusaHbl xakcol kabbinaaabl. OpTawa ynay (> 2-gapexeni) 6yn
HaykacTtapgaa a3 kesgecTi (p = 0,023).

KopbITbiHAbl: bi3agiH Byn Taxipubemisge TEOPUANbIK XaHe Tapuxu anfblluapTTapFa KapamacTaH
nanganaHyra anblHFaH SpTYPNi pexumaepaeri KanbinTbl TIHAEPre XiTi XoHe KeWiHri acKblHynap
Kesgecneai, mMnodpakuMoHabl AepekTep kepceTkilTepi yFanTblmMaabl. Anaaa CoOHfFbl OHXbINaa oy
yrnaHyablH KepiHiCTepi KXETTINIKKe xapap.

Heziz2i ce3dep: Caynenik em, cym b6esi 06bIpbl, 2unoghpakyusnaHobipy, xeden acep.
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Introduction metastases in tissues and lumena of lymph and

Breast cancer is of great importance  blood vessels.
throughout Asia including Central Asia, the Radiotherapy (RT) as a part of breast-
incidence rate for example being recently found to  conserving therapy or after mastectomy has
be increasing in Kazakhstan [3,4]. Reported risk  been proven to reduce the risk of local-regional
factors in the country include unfavorable living  recidive and to improve long-term breast
conditions, chronic stress, unilateral  cancerspecific and overall survival. As has been
breastfeeding, breastfeeding less than 3 months  the common practice in the United States and
and over 2 years, abortions, and hereditary  Continental Europe, the majority of studies that
predisposition [1, 2]. In addition, a direct strong  demonstrated these benefits utilized daily
correlation between the degree of contamination  radiation doses ranging from 1.8-2 Gray (Gy)
with high pollution emissions in the atmosphere  [17]. Two more recent randomized trials from
from stationary sources and the incidence of Denmark and British Colombia showed an
breast cancer has been described [2]. improvement in overall survival with the addition

Complex treatment of breast cancer contains  of postmastectomy radiotherapy to tamoxifen in
surgery, radiation therapy and chemotherapy.  post-menopausal women and to chemotherapy
The efficacy and safety of each step in treatment  in pre-menopausal women [2, 4, 5, 12, 14]. The
is the mandatory for success and it is same positive effect on overall survival was also
characterized by lowering of recurrence rate and  documented in two metaanalyses including trials
side effects. Surgery is directed to taking off the ~ with more modern radiotherapy technique [9,
tumor, radiotherapy helps to inactivate micro  27].
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Two key factors in these attempts have been:
(1) advances in radiobiology allowing for a more
precise estimation of equivalent dosing; and (2)
advances in the delivery of RT that have resulted
in substantially improved dose homogeneity in the
target volume[9]. There has been an increasing
recent interest in using hypofractionated breast
RT because of its potential advantages. Patients’
quality of life is often negatively impacted while
they are receiving adjuvant RT [8] and a reduced
number of treatments is more convenient, easier
to tolerate, [24] and may reduce patients’ feelings
of anxiety and depression [8]. An
hypofractionated course of therapy may also
facilitate treatment in patients who live in remote
areas, have significant difficulties  with
transportation, or are opposed to a longer
treatment course for other reasons [10]. These
considerations are particularly important in the
elderly who comprise a significant percentage of
diagnosed patients [1, 6, 11, 13, 16, 24]. Also, of
note, is the significant potential cost savings that
could be obtained by using hypofractionated
treatment. Because of these benefits, many
radiation  facilities  serving  geographically
dispersed populations in places such as Canada,
Northern England and Scotland have used
hypofractionated approaches [19]. The biological
impact of hypofractionated treatment has been
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investigated in normal and tumor cell lines
including breast cancer, and has been the subject
of active clinical investigation in a variety of
disease sites [3, 15, 20, 22, 23, 25, 28]. The
differences in sensitivity to changes in radiation
fractionation between normal and tumor cells can
be explained by a linear-quadratic model, where
an a/f parameter is inversely related to
fractionation  sensitivity and  discriminates
between “acute responding” normal tissue, such
as skin and intestinal epithelium and “late
responding” tissue, such as the spinal cord and
kidney[15]. Late responding tissue accounts for
long term radiation toxicity and is relatively more
sensitive to increases in fraction size. Although
most tumors are thought to be relatively
insensitive to fraction size, with a/b ratios of 8 or
more, in vitro and clinical data suggests that
breast cancer may be more skin to certain acutely
responding normal tissues, with an a/b ratio of
approximately 4 to 5 [21]. These data have allowed
for calculations of hypofractionated schemes
(Figure 1) that are theoretically biologically
equivalent to conventional fractionation in terms of
expected tumor control, and the likelihood of late
toxicity [26]. These 4 randomized controlled trials
tested different schedules of hypofractionated RT
against conventionally fractionated RT (50 Gy in 25
fractions in 3-5 weeks) [5, 8, 12, 22].

50 Gy/2 Gy Standardin all trials

2 Gy equivalant dose
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| .
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429 Gy/3.3 Gy START Pilot
41.6 Gy/3.2 Gy STARTA

42.5 Gy/2.65 Gy Ontario
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Figure 1 - Prediction of effects on tumor and normal tissues expressed as 2 Gy equivalent doses
according to the linear quadratic model not considering repopulation. Conventional fractionation
using 2 Gy per fraction (straight green line) compared to the hypofractionated RT schedules
used in the different randomized trials (curved lines).
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The aim of the present study carried out in a
monoinstitutional clinical setting is to access
acute toxicity of hypofractionated RT after
surgical treatment using a regimen of 2.7 Gy per
fraction to a total dose of 43.2 Gy with those of a
group of patients treated with traditional
fractionation schedule.

Methods. The design of study is non-
randomized clinical trial. An analysis on the primary
end point of the acute toxicity data was performed.

From January 2014 to May 2016, 132 female
patients who underwent curative surgery for
breast cancer. Eligibility criteria were: patients
with breast cancer undergone surgery, T < 2 cm,
negative surgical margins. Patients with history of
contralateral breast cancer, multifocal disease,
serious non-malignant disease (e.q.
cardiovascular or pulmonary), severe mental or
physical disorders were excluded from the study.

Written informed consent was obtained from
patients before start treatment following the rules
of our university. Permittance of Ethic Committee
Ne5 from 12/03/2014. All patients were planned
for adjuvant HFRT to the chest wall.

In addition, patients were also planned for RT
to supraclavicular fossa when there was
histopathological evidence of axillary node
metastases, and in scenario where neoadjuvant
chemotherapy was administered prior to definitive
surgery. All patients were immobilized while ‘free
breathing’ using a thermoplastic mould in supine
position with both arms extended above their
head, abducted and externally rotated. Patients
with inadequate lymph node dissection (less than
10 nodes examined pathologically) were also
considered for RT to the supraclavicular fossa.
Scar sites were marked using lead markers.
Patients underwent CT simulation in the same
position without IV contrast. The photon energy
used was 6 MV. Beam arrangement included
medial and lateral opposed tangential fields to
irradiate the chest wall, with or without the use of
a single anterior field (with a gantry tilt of 5-10
degrees to avoid the spinal cord and
oesophagus) for the supraclavicular region using
mono isocentric technique. The treatment was
planned with a goal of 100% volume of PTV to be
covered by 95% isodose line as in Picture 1.

Picture 1 - CT planning of RT of patient after mastectomy.

Patients were evaluated for toxicity according
to RTOG/EORTC acute adverse effect criteria at
the end of treatment and 3, 6 months after
treatment [7]. Mann-Whitney U-test was used for
comparing acute toxicity rate between patients
treated with hypofractionation and traditional RT.
A p value less than 0.05 was taken as significant.
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The whole analysis was performed with SPSS
ver.20 software.

Results.

Patients and disease characteristics are shown
in Table 2. Median age was 56.5+10.9 (range
35.6-81.2). Most represented histology included
invasive ductal (45.5%), the size of primary tumor
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is corresponded to T2, and stage was IIA 37.9% by
TNM classification (64.4%). Also all patients were

divided by type of surgical treatment, breast
conserving surgery- 9.7%, mastectomy — 90.3%.

Table 2.
Patient and tumor characteristic, N (%).
Patient and tumor characteristics TRT HFRT
Laterality Left-sided 33 (45.8%) 27 (45.0%)
Right-sided 39 (54.2%) 33 (55.0%)
Histology Ductal carcinoma 35 (48.6%) 25 (41.7%)
Lobular carcinoma 18 (25.0) 22 (36.7%)
Mucinous carcinoma 4 (5.6%) 4 (6.7%)
Medullar carcinoma 6 (8.3%) 2 (3.3%)
Papillar carcinoma (8 3%) 2 (3.3%)
Others 5 (7%) 5 (8.3%)
Stage I 4 (5.6%) 11 (18.3%)
lla 30 (41.7%) 20 (33.3%)
IIB 25 (34.7%) 20 (33.3%)
1A 4 (5.6%) 4 (6.7%)
1B 9 (12.5%) 5 (8.3%)
T size T1 4 (5.6%) 6 (10%)
T2 43 (59.7%) 42 (70.0%)
T3 11 (15.3%) 4 (6.7%)
T4 14 (19/4%) 8 (13.3%)

For simplicity, patients were considered to have
mild skin reaction for those with G1, moderate skin

reaction for those with G2. The overall frequency of
acute toxicity was reported in Table 3.

Table 3.
Acute skin toxicity (EORTC/RTOG scale) in 132 patients.
Grade 0 Grade 1 Grade 2
HFRT TRT HFRT TRT HFRT TRT
After RT 51 (81.7%) 43 (59.8%) 9 (15%) 22 (30.5%) 2(3.3%) | 7(9.7%)
3 months 56 (93%) 59 (81.9%) 4 (7%) 13 (18.1) - -
6 months 60 (100%) 72 (100%) - - - -

Hypofractionation is very well tolerated; more
than 80% of patients had no toxicities at all with
the treated schedule. The rate of mild toxicity (>
grade 2) was low in these patients (p=0.23).
None of our patients developed any symptomatic
evidence of radiation pneumonitis at three
months after completion of treatment. Then, the
number of toxicity events is so low that no firm
conclusion can be drawn from our data
regarding the oncological safety of this
procedure in patients.

Discussion

A detailed evaluation of the results indicates
that not all tested hypofractionated regimens are
equally suitable for clinical use. Although 39 Gy in
13 fractions was shown to be associated with less
acute and late toxicity compared to conventionally
fractionated RT, one has to keep in mind that a

trend towards slightly increased ipsilateral breast
cancer recurrences was observed in both trials
(START Pilot and START A) testing this regimen
[9]. Consequently, 39 Gy in 13 fractions should
not be preferentially used. The same applies for
the use of 42.9 Gy in 13 fractions, since this
schedule resulted in significantly increased late
toxicity. The remaining schedules, 40 Gy in 15
fractions, 42.5 Gy in 16 fractions, and 41.6 Gy in
13 fractions, are all suitable for routine clinical
use; however, the most favorable observations
were reported for the START B regimen [5].

The scope of this study is compromised by the
small numbers of patients and short follow-up.
However, dosimetric data suggest that accepted
dose thresholds to the normal tissues, especially
skin and subcutaneous tissues, can be achieved
in most patients. Also, none of our patients
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developed any serious acute toxicity during
treatment that required medical intervention or
treatment interruption. In view of the obvious
benefits of shorter time and costs and strong
evidence of clinical equivalence to conventional
fractionation, adjuvant HFRT should be strongly
considered as an option for patients requiring
postsurgical RT.

Conclusion

The results of our study, according to the large
randomized trials, confirmed that HFRT is safe.
We also looked into the logistic benefits of a
hypofractionated schedule. 9 fractions of RT
saved per patient resulted in 540 fractions per
year. This meant that additional patients could be
treated leading to reduced waiting list.

In conclusion, moderately hypofractionated RT
using schedules such as 43,2 Gy in 16 fractions
administered within 3,5 weeks has been shown to
be as efficient and safe as conventionally
fractionated RT for most breast cancer patients
who need adjuvant radiotherapy after breast-
conserving surgery. In patients younger than 40
years, after neoadjuvant chemotherapy, and if
regional lymph node RT is needed, cautious use
is still recommended. In regard to breast cancer
patients, concerns regarding late toxicity after
hypofractionated therapy to the heart, lungs, axilla
(lymphedema), and brachial plexus along with
skin and breast cosmesis exist and limited
published data in the postmastectomy setting are
available.

Early oncological outcomes are encouraging
as well. Long term data needs to be reported.
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