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KISA SURELI iMAJ KILAVUZLUGUNDA RADYOTERAPi VE CERRAHI SONRASI
KLASiK RADYOTERAPI iLE TEDAVI EDILEN ERKEN EVRE MEME KANSERLI
HASTALARDA OMUZ-KOL MORBIDITESINi KARSILASTIRAN RANDOMIiZE
BIR KLINiK CALISMANIN ON ANALiZi

OZET

Amag: Omuz/kol morbiditesi radyoterapinin (RT) ve meme cerrahisinin bilinen
bir yan etkisidir. Fakat omuz/kol morbititesi icin RT teknigi seciminin sonuclar
acik bir sekilde tanimlanmamugtir. Bu calismada, erken meme kanserli hastala-
rin omuz/kol morbiditesinin insidansi ve ayrica meme kanserine bagl kolun len-
fodemi (MKBL) de muayene edildi ve konvansiyonel (KRT) ve kisa siireli kilavuz
esliginde RT (KERT) tedavi tekniklerinin karsilastinimasi amaglandi.

Hastalar ve Yontem: 3 hafta postoperatif KERT ve 5-7 hafta KRT uygulanan has-
talani randomize ettik. Tomo Breast calismasinda oldugu gibi (onlarin sonlanim
noktalan kardiak ve pulmoner yan etkiler idi). MKBL ve omuz/kol morbiditesi
ve MKBL RT'yi takiben bir ile ii¢ ay arasinda fiziksel fonksiyon ve common ter-
minology criteria yan etki skalasi kullanilarak degerlendirildi. Istatistiksel yon-
tem olarak dl¢iimler icin t-test ve kategorik veriler icin ki-kare testi kullanild.

Bulgular: 91 hastanin analizi sonucu en az bir omuz/kol morbiditesi dl¢iimii
yan etki skalasina gore skoru >% 80 deneyimli artis ve %18 oraninda MKBL
saptandi. Her iki kol hacmi anlamli 6lgiide artti ve her iki kolda meydana ge-
len hareket kisithhgi anlamli idi. Bununla birlikte iki tedavi grubunda MKBL
insidansinda veya omuz/kol morbiditesinde farklilik anlamli bulunmadi.

Sonug: Tedaviden sonra bir ve iiciincii aylarda kisa siireli KERT ile KRT karsilas-
tinldiginda omuz-kol morbiditesinde artis saptanmadi. Uzun siireli takip ge-
rekmesine ragmen sonuclar kisa siireli tedavi uygulamasini desteklemekte-
dir. Kargi taraf ekstremite morbiditesinin tesadiifi bir bulgu oldugunu goster-
mek icin daha fazla arastirma gerekmektedir.

Anahtar Sozciikler: klinik calismalar, rastgele, omuz, kol, morbidite, lenfodem,
radyoterapi
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ABSTRACT

Purpose: Shoulder/arm morbidity is a known complication of breast cancer
surgery and radiotherapy (RT), but the consequences of choosing one RT tech-
nology over another for shoulder/arm morbidity are not clearly defined. In
this work, we examine early breast cancer patients to compare the incidence
of shoulder/arm morbidity, including breast cancer related lymphedema
(BCRL) of the arm, between conventional RT and short-course, image-guided
RT (IGRT) treatments.

Methods: We randomized patients between post-surgery IGRT over 3 weeks
and conventional RT over 5 to 7 weeks, as part of the TomoBreast trial (whose
primary endpoint was to assess pulmonary and cardiac toxicities). BCRL and
shoulder/arm mobility were assessed prior to and between one and three
months following RT, using physical function assessment and common ter-
minology criteria for adverse events. Intention to treat analyses used the
matched-pairs t-test for continuous measurements and the chi-squared test
for categorical data.

Results: Analysis of the first 91 evaluable patients found that >80% experi-
enced an increase in the adverse event score in at least one shoulder/arm mo-
bility measurement, and 18% had BCRL symptoms. Arm volume on both sides
increased significantly and significant impairment of movement occurred in
both limbs. However, there was no significant difference in BCRL incidence or
shoulder/arm mobility impairment between the treatment groups.

Conclusion: One to three months after treatment, short-course IGRT had not
increased shoulder/arm morbidity compared with conventional RT. Although
confirmation requires a longer follow-up, the results support the use of a
short-course schedule. The incidental finding that morbidity affected the
contralateral limb warrants further investigation.

Keywords: clinical trials, randomized, shoulder, arm, morbidity, lymphedema,
radiotherapy
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Introduction

The position and the movement of the scapulae play an important
role in shoulder mobility, and, following breast cancer surgery,
scapulohumeral and scapulothoracic rhythms are significantly al-
tered. Correspondingly, the most common (1) restrictive sequelae
of surgical (2) and radiation therapy (RT) treatment of breast can-
cer are reduced shoulder range of motion (ROM) and breast can-
cer-related lymphedema (BCRL) on the operated side (3,4), and
subsequent scapulothoracic dysfunction can cause pain and dis-
ability in the shoulder girdle (5). Functional impairment and pain
in the shoulder girdle following breast cancer surgery can likewise
be caused by muscle guarding, muscular and subcutaneous ad-
hesion (6) and fibrosis, in particular of pectoral muscles and fascia
(7). Vascular injury or damage to the joints (1), cell damage and
promotion of chemical nociceptor stimuli via pro-inflammatory
cytokines can also cause reduced ROM and pain (5). Shoulder-arm
morbidity may occur early after surgery (8) or years later, and it
can become chronic (1), thereby inducing severe and long lasting
postural dysfunction (6), functional impairment (7) and decrease
in quality of life (8). The extent of morbidity is largely determined
by the type of surgery: breast conserving surgery (BCS) and sen-
tinel lymph node dissection (SLND) have been reported to cause
less severe shoulder/arm morbidity than total mastectomy (TM)
and axillary lymph node dissection, respectively (1,7-12).

RT can also be administered in conjunction with breast cancer sur-
gery as an adjuvant treatment, as it reduces the risk of local recur-
rence by approximately 33% and increases survival rates after TM.
However, adjuvant RT can aggravate shoulder/arm morbidity (2),
especially to the lymph node areas (8). Moreover, the incidence
and severity of BCRL are increased in patients following RT to the
lymph node areas, with a risk ratio of 4.6 relative to patients who
did not receive adjuvant RT. This degree of risk is similar to that
after treatment with ALND.

Besides causing shoulder/arm morbidity, RT can also lead to the
impairment of shoulder mobility, via reduced flexion, external ro-
tation and abduction (1,5,6). However, a recent study by Crosbie
et al. (2) concluded that there is a lack of consensus in the litera-
ture as to whether RT is major cause of shoulder girdle dyskinesia
or whether this dyskinesia leads to further impairment and pain.
RT does not cause direct damage to the lymph vessels or lymph
nodes over the short term, but it does cause sclerosis of skin,
which may obstruct lymph flow and slow down the regeneration
and neoformation of lymph vessels (13-16).

As RT technology has advanced, the sequelae resulting from
long-term irradiation have generally become less severe (1).
Image-guided radiation treatment (IGRT) has decreased the dose
of radiation delivered to vital organs relative to conventional RT
(17). It might also be expected that IGRT offers an advantage re-
garding shoulder/arm morbidity. IGRT can be administered in a
short course, as short-course RT is an acceptable alternative to
conventional RT in terms of efficacy (18-20). However, a larger
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dose of radiation is delivered per fraction in short-course than
in conventional RT, and it has been argued that minor changes
in fractionation and dose distribution could be associated with
large variations in the risk of developing shoulder/arm morbid-
ity (1,7). Therefore, there is concern that short-course RT could
increase the risk of shoulder/arm morbidity compared with con-
ventional RT, and that this might thereby negate the advantages
of RT overall.

The TomoBreast randomized, controlled, single-center trial
was initiated to investigate pulmonary and cardiac toxicities in
women with early primary breast cancer following post-surgical
conventional RT or short-course IGRT. In this paper, we describe
secondary outcomes of the trial, related to lymphatic and mus-
culoskeletal complications of the upper body. Specifically, we
describe the effect of short-course IGRT and conventional RT on
BCRL, shoulder/arm mobility and scapula positioning one to three
months after the completion of RT, in both the operated and the
contralateral arm.

Methods

Selection of patients

The study population was women who participated in the
TomoBreast clinical trial, which was approved by the institution-
al ethics board of the UZ Brussel (ClinicalTrials.gov registration
NCT00459628). The trial recruited women aged 18 years or older,
presenting with a primary breast carcinoma (stage pT1-3NOMO or
pT1-2N1M0), with pathological nodal status assessed by ALND
or by SN. The breast tumors had been completely resected by
TM or by BCS and the women were to receive post-surgical RT.
Enrollment into the full trial took place between June 2007 and
August 2011; for this report we included all evaluable patients
who were enrolled between the trial start date and October 1
2010. Women who provided written informed consent were ran-
domly allocated to the control or experimental group by compu-
ter randomization balanced by nodal status, type of surgery, and
chemotherapy sequence using Efron’s biased coin design.

In the control treatment group, a dose of 50 Gy was delivered in 25
fractions over 5 weeks to the chest wall using tangential photon
fields, and to the supraclavicular, infraclavicular and axillary nodes
in case of pN1 status, using an anterior field matched to the tan-
gential fields. BSC patients received an additional boost of 16 Gy
in 8 fractions over 2 weeks to the initial tumor bed using a direct
electron field.

In the short course IGRT treatment group, a dose of 42 Gy was
delivered in 15 fractions over 3 weeks to the chest wall in case of
TM or the whole breast in case of BCS, and to the supraclavicular,
infraclavicular and axillary nodes in case of pN1 status, using the
IGRT system Tomotherapy’. Patients who had BCS received a si-
multaneous integrated boost of 9 Gy delivered during the same
15 fractions. Figure 1 summarizes the trial’s design.
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Figure 1. TomoBreast flowchart.

Physical therapy assessment
Assessments were made by a physical therapist prior to RT (base-
line evaluation) and 2 = 1 months after the completion of RT (first
follow-up). An assessment was also planned at 3 years, but this is
not included in this report.

Baseline patient characteristics and clinical data recorded dur-
ing the first physical function assessment were the patient’s age,
weight and height, the chemotherapy and type of surgery received,
the side that received the operation, and the dominant side.

For the physical assessment of BCRL, we computed the volume
of both arms of each patient from circumferential measurements
at 5 locations, using the mean of the frustrum sign and the disc
model method.

For the physical assessment of shoulder mobility, we recorded the
following measurements with a goniometer (2,6-8,21-23):

1) The maximum range of active forward elevation of the arm
(anteflexion).

2) The maximum range of active backward elevation of the arm
(retroflexion).

3) The maximum range of active lateral elevation of the arm
(abduction).

4) The maximal functional endorotation measured by counting
the vertebrae between C7 and the most cranial vertebra the
patient could reach with her thumb on her back.

5) The scapular distance (Lateral Scapular Slide Test), measured as the
distance between the spine and the angulus inferior of the scapu-
lae, with the arms elevated 90° in the scapular plane (2,5,11).

With regards to these five measurements, signs of shoulder mo-
bility impairment are indicated by decreased absolute values of
abduction, retroflexion, and anteflexion, and by increased values
of endorotation and scapular distance.

For the subjective assessment of BCRL, we collected patients’ sub-
jective arm symptoms during the physical evaluation. A score of
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1 was recorded when any of the following subjective symptoms
was present in the operated arm/hand: heaviness, swelling, fa-
tigue, warmth, burning, pain, or when actions required more
effort. A score of 0 was recorded when no subjective symptoms
were reported (7-9,12,24,25).

To score shoulder/arm morbidity by adverse event grade rather
than continuous measurement, we used the common terminology
criteria for adverse events, version 3 (CTCAE, http://ctep.cancer.gov/
protocolDevelopment/electronic_applications/docs/ctcaev3.pdf ).
Grades 1, 2 and 3 adverse BCRL events were defined as 5 - 10%, >10
- 30%, and >30% inter-limb discrepancies in volume, respectively,
where inter-limb discrepancy was computed as percent volume dif-
ference (PVD = 100 * [volume of affected arm - volume of unaffect-
ed arm] / [volume of unaffected arm]). Grades 1, 2, 3, and 4 adverse
event related to the functional impairment of shoulder mobility
were defined as decreases in ROM (anteflexion, retroflexion and ab-
duction) <25%, >25 - 50%, >50 - 75% and >75% from baseline, re-
spectively. In addition, grades 1, 2 and 3 adverse weight gain events
were defined as gains of 5 - <10%, 10 - <20%, and >20% from base-
line, respectively. Grades 1, 2 and 3 weight loss were defined as loss
of 5-<10%, 10 - <20%, and =20% of baseline, respectively.

Statistical analysis

The data were verified on a case-by-case basis to identify inconsist-
encies. Histogram distributions of the measurements were inspect-
ed for outliers. A comparison of the evaluable patients’ baseline
characteristics according to the treatment group was made using
Pearson’s chi-squared test for contingency tables. Univariate com-
parisons of continuous measurements according to the treatment
group used Welch's t-test to make allowances for unequal standard
deviations. Univariate comparisons of pre-RT and post-RT meas-
urements used the matched pairs t-test. To take into account the
small number of patients, we pooled all post-RT increases in grade
of adverse events into a single group of patients who experienced
any increase adverse event grade relative to baseline, versus no in-
crease in adverse event grade relative to baseline. For all analyses,
superiority was based on 2-sided P values <0.05.

All statistical computations used JMP v. 9.0.2 (SAS Institute, Cary
NC, USA).

Results

Out of 106 patients who participated to the TomoBreast trial be-
tween June 14, 2007 and October 1, 2010, 93 received shoulder-
arm physical function assessments at baseline and 2 = 1T months
post-RT. One patient had bilateral breast surgery and received
bilateral RT, and a further patient had a baseline weight of 150
kg, whereas the weight range of the other patients was 42 - 102
kg. These two patients were excluded, leaving 91 patients avail-
able for the analyses. Four cases of physical measurement values
were recoded as missing: one patient’s scapular distance could
not be measured due to lifelong contralateral arm paralysis, an-
other patient was confined to a wheelchair at the time of pre-RT
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Table 1. Patients’ characteristics.
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Conventional RT Short course IGRT
n % % p

Age 0.158
< 50 years old 30 40.0 60.0

= 50 years old 61 55.7 443
Weight pre RT 0.391
< 70kg 44 43.2 56.8

= 70 kg 30 53.3 46.7
BMI pre-RT 0.556
< 25 kg/m? 36 44.4 55.6

= 25 kg/m? 35 51.4 48.6
Arm symptom pre RT 0.904
no 62 48.4 51.6

yes 18 50.0 50.0
Time interval 0.042
< 16 weeks 53 4.5 58.5

= 16 weeks 38 63.2 36.8
Chemotherapy 0.251
no 48 56.3 43.8

yes 43 44.2 55.8
Type of surgery 0.429
BCS + SN 45 5818 46.7

T™M + SN 9 66.7 33.3

BCS + ALND 13 53.9 46.2

TM + ALND 24 37.5 62.5
Op. side dominant 0.830
no 49 49.0 51.0

yes 39 51.3 48.7
RT regional nodes 0.328
no 63 54.0 46.0

ves 28 429 57.1

RT: radiation treatment. IGRT: image guided radiation treatment. BMI: body mass index. Op: operated. BCS: breast conserving surgery. TM: mastectomy. SN: sentinel lymph node biopsy.

ALND: axillary lymph node dissection.

assessment and measurement of retroflexion was therefore im-
possible, and two further patients had pre-RT measurements of
retroflexion exceeding 90°.

Table 1 summarizes the patients’ characteristics according to treat-
ment group of the evaluable patients. The two groups were well bal-
anced with regard to age, weight, body mass index (BMI), subjective
arm symptoms, type of surgery, and surgery on the dominant arm
side, chemotherapy, and radiotherapy to the regional lymph nodes.
The time interval between assessments was significantly shorter in
the short-course IGRT group because, by design, this group received a
shorter course of RT. Baseline pre-RT physical function measurements

were similarly well balanced between the two treatment groups
(Table 2), and none of the baseline measurements showed a signifi-
cant difference between the treatment groups, either on the oper-
ated side or for the contralateral side (data not shown). The inter-limb
PVD at baseline was close to zero in all patients, indicating that there
were no patients with BCRL prior to RT in either the conventional RT
or the short-course IGRT group (data not shown).

Table 2 shows the mean values for changes in the physical func-
tion measurements of BCRL and shoulder/arm mobility that oc-
curred between the pre-RT and the post-RT assessments for all
patients, regardless of treatment group. Measurements of the
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Table 2. Shoulder/arm changes from pre RT to post RT.
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| 3

Pre RT Post RT Difference Post - Pre

Side Measurement Mean SE Mean SE Mean SE p diff
Operated side Arm volume (ml) 1656.9 38.5 1685.6 39.9 28.7 12.4 0.023
Abduction () 125.9 2.7 121.2 2.6 -4.7 3.1 0.128

Retroflexion () 48.2 1.1 46.2 1.1 -2.1 0.9 0.029

Anteflexion () 140.4 2.1 143.5 1.6 3.1 1.6 0.060

Endorotation (n vertebra) 7.4 0.2 71 0.2 -0.3 0.2 0.105

Scapular distance (cm) 13.4 0.3 14.0 0.3 0.6 0.2 0.019

Contra-lateral Arm volume (ml) 1649.0 35.3 1664.9 35.2 15.9 11.8 0.181
Abduction () 133.1 3.2 125.3 3.1 -1.7 341 0.015

Retroflexion () 48.9 1.3 46.6 1.3 -2.3 1.0 0.033

Anteflexion () 148.7 2.5 148.3 2.5 -0.4 1.2 0.706

Endorotation (n vertebra) 7.0 0.2 6.9 0.2 -0.2 0.2 0.279

Scapular distance (cm) 13.8 0.3 14.3 0.2 0.5 0.2 0.025

RT: radiation treatment. SE: standard error. (°) degrees.

arm on the operated side revealed a statistically significant in-
crease in arm volume of 28.7 ml at the time of post-RT assessment
compared with the pre-RT assessment (p = 0.023). Additionally,
shoulder ROM was impaired, with a decrease in retroflexion of
2.1 degrees (p = 0.029; abduction decreased by 4.7 degrees and
anteflexion seemed to improve, with a gain of 3.1 degrees, but
neither was statistically significant). Scapular distance was signifi-
cantly impaired (0.6 cm increase, p = 0.019). Measurements on the
contralateral side showed an increase in arm volume of 15.9 ml,
which did not reach statistical significance. There was a significant
impairment of shoulder mobility on the contralateral side, with
regard to abduction (-7.7 degrees, p = 0.015), retroflexion (-2.3 de-
grees, p = 0.033), and scapular distance (+0.5 cm, p = 0.025).

The incidence of increases in shoulder/arm morbidity adverse
events of 1 or more grading level from the baseline (after any RT
treatment or by treatment group) can be seen in Table 3. Overall,
after any RT treatment, the post-RT onset of subjective arm symp-
toms occurred in 18% (14 of 78) of patients, an increase from the
baseline in BCRL (as measured by interlimb discrepancy in vol-
ume) occurred in 14% (13 of 91), weight loss occurred in 10% (7 of
69) and weight gain occurred in 20% (14 of 69). On both the oper-
ated and contralateral side, after any RT treatment, patients gen-
erally experienced a loss of abduction and retroflexion, although
this was not the case for anteflexion. No significant differences,
however, were observed in adverse event grades between the two
treatment groups, except on the contralateral side, which showed
significantly less loss of abduction of grade =1 in the short-course
IGRT group compared with conventional RT (Table 3; p = 0.019,
unadjusted odds ratio of 0.36 (=[39.2/64.11/[60.8/35.9])).

The results of a comparison between the treatment groups, based
on continuous shoulder/arm morbidity measurement analyses

during the physical function assessments, can be seen in Table
4. The increase in arm volume following RT was smaller in the
short-course IGRT group than the conventional group, although
this contrast was not statistically significant. On the operated side,
the average increase in post-RT arm volume was 49 ml in the con-
ventional RT group vs. 8 ml in the short-course IGRT group (p =
0.101). On the contralateral arm, the average arm volume increase
was 27 ml vs. 5 ml, respectively (p = 0.353). There were no consist-
ent trends regarding shoulder/arm mobility outcomes with the
exception of abduction, which on the operated side showed no
impairment in the short-course IGRT group ( 0 degree mean loss),
whereas a 9-degree mean loss of abduction (not significant) was
observed in the conventional RT group (p =0.169). On the contral-
ateral side, the mean loss of abduction was 1 degree in the short-
course IGRT group vs. 14 degrees in the conventional RT group;
this contrast was significant (p = 0.029; Table 4).

Discussion

Our results support the notion that RT is an important risk factor
for the development of objective and shoulder/arm morbidity and
BCRL complications. More than 80% of our patients experienced
an increased adverse event score in at least one of four shoulder/
arm mobility measurements (arm volume, abduction, retroflexion
and anteflexion). Post-RT, 18% of patients experienced subjective
BCRL symptoms on the operated side. Subjective arm symptoms
are an underestimated problem in clinical practice, and additional
research is necessary to understand the biochemical changes in
the (sub)dermal tissues(26).

Overall, short-course IGRT caused less severe shoulder/arm mobil-
ity problems and BCRL than conventional RT, but the differences
between the treatment groups were not statistically significant.
The conventional RT group had higher adverse event scores on
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Table 3. Incidence of shoulder/arm morbidity changes from baseline.
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Conventional RT  Short course IGRT
(n = 46) (n = 45)
Side Assessment Number of patients (*) % % p conventional vs. short course
Combined Arm symptom 0.283
No onset 64 51.6 48.4
Onset post RT 14 35.7 64.3
BCRL 0.146
None, stable or decrease 78 47.4 52.6
Onset or increase 13 69.2 30.8
Weight 0.592
Weight loss =5% 7 571 429
Weight change <5% 48 43.8 56.3
Weight gain =5% 14 571 429
Operated side Abduction 0.116
No loss 41 415 58.5
Loss 50 58.0 42.0
Retroflexion 0.207
No loss 37 43.2 56.8
Loss 51 56.9 43.1
Anteflexion 0.333
No loss 52 46.2 53.9
Loss 39 56.4 43.6
Contra-lateral Abduction 0.019
No loss 39 35.9 64.1
Loss 51 60.8 39.2
Retroflexion 0.757
No loss 37 48.7 51.4
Loss 50 52.0 48.0
Anteflexion 0.205
No loss 48 43.8 56.3
Loss 42 57.1 42.9

BCRL.: breast cancer related lymphedema of the arm. RT: radiation treatment. IGRT: image guided radiation treatment. (*) Totals do not sum to 91 due to missing values.

both sides for all shoulder/arm morbidity measurements (interlimb
discrepencies in arm volume, abduction, retroflexion, anteflexion)
whereas the short-course IGRT group had lower adverse event
scores for all shoulder/arm morbidity measurements. On the other
hand, the short-course IGRT group experienced more subjective
arm symptoms post-RT than the conventional RT group.

We found that shoulder/arm morbidity also occurred on the con-
tralateral limb. To our knowledge, this is the first report that the
contralateral arm requires attention — scoring is usually based on
the difference between the operated side and the contralateral
side, rather than on separate sides as we have done here. We be-
lieve that our approach reveals the true severity of the side-effects
of RT on shoulder/arm function - mean post-RT shoulder mobility

and arm volume measurements were generally worse than pre-RT
measurements on both sides (with the exception of anteflexion
on the operated side and endorotation on both sides).

Our study presents several limitations. The study population is
part of a population with a high incidence of idiopathic or post-
traumatic musculoskeletal shoulder-, neck- and back disorders,
but pre-surgical measurements were not available (2,10,27).
Because measurements were based on active movements, maxi-
mal ROM may not have been reached as a result of pain, anxiety,
etc. Patients receiving chemotherapy often have an implanted
port-a-cath, which may have restricted full ROM of the contralat-
eral arm (8). As part of the institution’s surgical management, oper-
ated breast cancer patients receive a prescription for ambulatory
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Table 4. Changes in shoulder/arm morbidity measurements post-RT, according to treatment group.

Conventional RT Short course IGRT
Mean difference p conventional vs.
Side Measurement post - pre n =46 n=45 short course
Operated side Arm volume (ml) 28.7 48.7 8.1 0.101
Abduction (°) -4.7 -9.0 -0.4 0.169
Retroflexion (°) -2.1 -2.6 -1.5 0.578
Anteflexion (°) 3.1 0.8 5.4 0.153
Endorotation (n) -0.3 0.0 -0.6 0.165
Scapular distance (cm) 0.6 0.6 0.5 0.877
Contralateral Arm volume (ml) 15.9 26.8 4.8 0.353
Abduction (°) 7.7 -14.4 -0.9 0.029
Retroflexion (°) -2.3 -2.2 -2.3 0.970
Anteflexion (°) -04 -1.7 0.8 0.277
Endorotation (n) -0.2 0.2 -0.5 0.029
Scapular distance (cm) 05 0.8 0.3 0.287
RT: radiation treatment. IGRT: image guided radiation treatment. °: degrees.
physical therapy at the time of discharge. However, we did not Conclusion

record the compliance of patients or their receipt of physical ther-
apy during the study, although their beneficial effects on shoul-
der mobility and scapula positioning are well known (6,10,1,28).
Another limitation of our study is the known lack of reliability of
shoulder/arm measurements. The incidence of impaired shoulder
mobility should be interpreted with these restrictions in mind.

One strength of the study is its randomized design. Although the
lack of reliability of the measurements affects the precision of the
estimates and reduces the power of our comparison tests, rand-
omization ensures that measurement errors are expected to be
equally distributed between the randomization groups, thereby
avoiding comparison biases. Another strength of the study is that
the trial was conducted in a single institution. All patients were
followed by the same team, which ensures that assessments were
consistently performed throughout the trial. We believe that the
strengths of the study outweigh its limitations and that the results
are robust, at least within the current short follow-up time frame.

Because this is a preliminary analysis, the long-term effects of short-
course IGRT cannot yet be demonstrated; however, this technique
seems to be less harmful in terms of shoulder/arm mobility and
BCRL than conventional RT (1). A follow-up of three years from the
end of RT treatment is scheduled as part of the study as most cases
of BCRL develop within two years of the operation. A median ob-
servation time of nearly four years is considered sufficient for the
identification of the majority of cases of BCRL and long-term shoul-
der function impairment (9). It will be interesting to see if the dif-
ferences observed in this analysis between treatment groups are
confirmed at three years. The finding that shoulder/arm morbidity
affected the contralateral side warrants further investigation.

Early assessment of shoulder/arm morbidity shows that short
course image guided radiotherapy compares favorably with
conventional post-surgery radiotherapy for breast cancer.
Intriguingly, significant shoulder/arm morbidity affecting the
contralateral limb was observed. Further investigations are
required.
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