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Abstract

Purpose Lymphedema of the arm and reduced shoulder mobility are common complications of breast cancer treatment.
We aim to establish whether the radiation dose received by the area of the axillary lateral thoracic artery vessel juncture
(ALTJ) and the shoulder joint—affect the development of the mentioned side effects.

Methods In this retrospective study, 298 patients with early breast cancer treated surgically and with adjuvant radiation
therapy, were included. Clinical data from the prospective database were used. Physiotherapists evaluated lymphedema
and shoulder mobility at diagnosis, 6 and 12 months afterwards. The ALTJ, humeral head, and humeral head with a safety
margin were delineated on a CT scan, and irradiation parameters were obtained from dose-volume histograms.

Results Multivariate analysis confirmed a correlation between higher mean (Dmean) and near-minimum (D98) radiation
doses received by ALTJ and the incidence of lymphedema 12 months post-diagnosis (p=0.016 and p=0.002, respectively).
No significant association was found between the radiation dose to the humeral head and reduced mobility.

Conclusion In our cohort of patients, irradiation of the ALTJ region is associated with the occurrence of clinically-assessed
lymphedema, while irradiation of the humeral head is not linked to limited mobility of the shoulder after breast cancer
treatment.

Keywords Breast cancer - Lymphedema - Reduced shoulder mobility - Axillary lateral thoracic artery

Introduction

Breast cancer is the most common cancer affecting women
as well as most diagnosed cancer worldwide, with over
2.3 million diagnoses yearly, and its prevalence is continu-
ing to rise due to Western lifestyle factors [1]. Breast can-
cer treatment can lead to multiple side effects and long-
term complications, impacting the patients’ psychophysical
abilities and quality of life.

Lymphedema is a significant long-term complication, de-
fined as regional swelling of the limb caused by injury to
the lymphatic circulation. Lymphedema of the arm will de-
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velop in 10—40% of all breast cancer patients, 90% in the
first year after treatment, but lifetime risk persists [2, 3].
The condition can be asymptomatic at first but progresses
over time, leading to heaviness, pain, swelling, numbness,
or tingling of the arm. During its development lymphatic
fluid accumulates in the interstitial space, connective tissue
proliferates and fat tissue hypertrophies, which thickens the
skin and decreases its elasticity. Lymphedema can be diag-
nosed clinically by measuring the circumference of the arm
above and below the elbow and comparing it to the mea-
surements of the opposite arm or just based on symptoms.
The treatment of lymphedema is challenging, most com-
monly including manual lymphatic drainage for 4-6 weeks
to minimize the arm volume, followed by regular usage of
elastic compression gloves, continuous lymphatic drainage,
and physical activity to maintain the effect [2, 4, 5].

The risk factors for the development of lymphedema
of the arm include the number of dissected lymph nodes,
axillary dissection, radiotherapy of regional lymph nodes,
and high body mass index [2—5]. The predicted probability
of breast cancer-associated lymphedema with more con-
servative surgical techniques, such as sentinel lymph node
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biopsy, is 6 to 10% [2]. The effect of radiotherapy on the de-
velopment of lymphedema is likely due to the development
of fibrosis, which compresses the lymphatic vessels [4, 5].
Lately, a few studies have researched whether irradiation
of axillary lateral thoracic vessel juncture (ALTJ), an area
between the humeral head and the inferior-most contour of
axillary vessels, increases the risk of lymphedema. ALTJ
could be a control area for lymphatic drainage of the upper
limb or a critical area for the regeneration of the lymphatic
collateral vessels to the neighbouring lymphatic nodes, but
its true importance is yet to be determined [6].

Fig. 1 Patient cohort selection

Included patients with breast
cancer stages I, II, and III who

underwent surgery and adjuvant

radiation therapy.
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Reduced shoulder mobility is another possible breast
cancer treatment complication, affecting everyday move-
ments and commonly accompanied by pain and decreased
muscle strength [7, 8]. Risk factors include the extent of the
lymph node surgery and radiotherapy as with lymphedema,
so the impact on irradiation of the humeral head must be
considered [9].

The aim of this study is to evaluate whether the radia-
tion dose received by the area of the ALTJ and the shoul-
der joint affect the development of the lymphedema of the
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Fig.2 Delineation of the Ax-
illary-Lateral Thoracic Vessel
Juncture (ALTJ)—highest and
lowest slice. The anatomical
boundaries of the ALTJ are
marked: the lowest contour of
the humeral head, the planning
risk volume of the humeral head,
the pectoralis major muscle,
the pectoralis minor muscle,
the latissimus dorsi muscle, the
subscapularis muscle, and the
lowest contour of the axillary
vessels

arm and/or reduced shoulder mobility in patients following
breast cancer treatment.

Materials and methods

This study was approved by the institutional review board
(ERID-KSOPR-0047/2023) and National Medical Ethics
Committee (study approval number 0120-314/2023/3).

Patient selection

Women with early-stage (I, II, III) breast cancer who re-
ceived local treatment (surgery and adjuvant radiotherapy)
with or without systemic treatment and participated in prior
prospective study on early integrated and vocational re-
habilitation (OREH study) from 2019 to 2022, were in-
cluded [10, 11]. The whole inclusion and exclusion process
is shown in Fig. 1.

m. pectoralis major m. pectoralis minor
~._ axillary vessels

m. latissimus dorsi

humeral head
PRV

m. subscapularis

m. pectoru/isi znq/'gr m.

pectoralis minor
5 lowest contour of
axillary vessels

m. subscapularis

Data collection

The clinical data for the patient were taken from avail-
able medical documents. Patients’ symptoms and signs of
lymphedema (tightness, tingling, heaviness, or swelling of
the arm) and upper limb issues (restricted mobility, pain)
were documented using patient-reported outcome measures
(PROMs: OREH study questionnaires and standardized
European Organisation for Research and Treatment of Can-
cer (EORTC) questionnaires QLQ-C30 and QLQ-BR23),
which were completed by patients at diagnosis and 6 and
12 months later. Physiotherapists measured lymphedema
and shoulder mobility at similar intervals. Lymphedema
was evaluated by measuring arm circumferences 15cm
above and below the olecranon. A circumference difference
of =2cm between arms indicated lymphedema, according
to previous literature [12]. Physiotherapists assessed upper
arm range of motion (ROM) using goniometers to quan-
tify joint movement. A discrepancy in ROM of more than
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20 degrees between the upper limbs has been defined as
restricted mobility.

Definition of organs at risk and radiotherapy
planning

Clinical target volumes (CTV) of the breast, chest wall and
groups I-IV lymph nodes (LN), and LN along the internal
mammary artery were identified from planning computed
tomography (CT) images according to European Society
for Radiotherapy and Oncology consensus guidelines [13].
On planning CTs ALTJ, humeral head and humeral head
planning organ at risk volume (PRV) were delineated and
the following metrics identified from the dose-volume his-
tograms: Dx—dose received by x% of the target volume
(x=2, 98), Dmean—mean absorbed dose within a target
volume, Vx—volume receiving x Gy (x=10, 20, 30, 45,
and 50). The contouring of ALTJ was delineated by TJ and
validated by IR and JBH, adhering to a model proposed
by Chang et al., as illustrated in Fig. 2; [14]. Radiotherapy
treatment planning was conducted using Monaco® (Elekta
AB, Sweden) and Varian Eclipse® (Varian, Palo Alto, CA)
software. Patients received either three-dimensional con-
formal radiation therapy (3D-CRT) or intensity modulated
radiation therapy (IMRT) per institutional guidelines.

Statistical analysis

Statistical analyses were performed using IBM® SPSS®
software package, version 30.0. (Statistical Package for the
Social Sciences Statistical Software; SPSS Inc., Armonk:
NY, IBM Corporation). Basic statistical analyses included
calculation of the median, minimum, and maximum values.
The normality of variable distributions was tested using
the Kolmogorov-Smirnov and Shapiro-Wilk tests. Due to
the predominantly non-normal distribution of variables, the
Kruskal-Wallis test was applied to compare mean values.
The Pearson chi-square test was used to assess the relation-
ship between two categorical variables. Both univariate and
multivariate analyses were performed. Descriptive statistics
were used to summarize the characteristics of the study pop-
ulation. Variables with a p-value <0.10 from the univariate
analysis were included in the final multivariate model. Sta-
tistical significance was defined for all differences with a p-
value < 0.05 (two-tailed test).

Results

A total of 298 patients were included in the statistical anal-
ysis, their characteristics are listed in Supplementary Files
Table 1. The median follow-up time was 34 months af-
ter diagnosis (range, 10—48 months) and 29 months after
radiation therapy (range, 3—43 months). Dose-volume pa-
rameters of radiation treatment are shown in Supplementary
Files Table 2.

Table 1 Univariate analysis of associations between different variables and the occurrence of lymphedema 12 months after diagnosis.

Variable ALND (lymphedema SLNB (lymphedema Total (lymphedema
39/89) 76/209) 115/298)
Age (<51 vs 251 years) p=0.865 p=0.037 p=0.049
BMI (<25.9 vs 225.9 [kg/m2]) p=0.008 p=0.363 p=10.029
Extent of breast surgery (breast-conserving surgery vs p=0.088 p=0.073 p=0.009
mastectomy)
Number of LN removed (<2 vs =2, median value) p=0.064 p=0.663 p=0.368
Stage (I vs=1I) p=0.444 p=0.096 p=0.115
The irradiated regions of axillary LN (0-1I vs I-IV) p=0.374 p=0.115 p=0.044
ALTJ D2 (<34.2 vs 234.2, mean value, Gy) p=0.801 p=0.409 p=0.118
ALTJ D98 (<11.4 vs 2 11.4, mean value, Gy) p=0.019 p=0.202 p=0.016
ALTJ Dmean (<25.7 vs 225.7, mean value, Gy) p=0.234 p=0.373 p=0.042
ALTJ V50 (< 1.1 vs 2 1.1, mean value, cm3) p=0.940 p=0.079 p=0.181
ALTJ V45 (<3.3 vs 23.3, mean value, cm3) p=0.987 p=0.011 p=0.055
ALTJ V30 (<6.5 vs 26.5, mean value, cm3) p=0.178 p=0.371 p=0.051
ALTJ V20 (<7.3 vs 27.3, mean value, cm3) p=0.244 p=0.528 p=0.086
ALTJ V10 (<8.3 vs 28.3, mean value, cm3) p=0.317 p=0.690 p=0.172
ALT]J overlap with target volumes (no vs yes) p=0.206 p=0.353 p=0.098

ALND axillary lymph node dissection, SLNB sentinel lymph node biopsy, BMI body mass index, LN lymph nodes, ALTJ axillary lateral thoracic
vessel juncture, Dx dose received by x% of the target volume, Dmean mean absorbed dose within a target volume, Vx volume receiving x Gy
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Association of dose-volume parameters
and treatment methods with lymphedema
occurrence

The cumulative incidence of physiotherapists-assessed
lymphedema was 0 at diagnosis (0.0%), 101 at 6 months
(35.2%) and 115 at 12 months after diagnosis (38.6%).

No significant difference in lymphedema occurrence was
found depending on the extent of surgery (sentinel lymph
node biopsy or axillary lymph node dissection) (p=0.226).
To assess the impact of radiation therapy on lymphedema
patients were categorized in two groups: patients treated
with breast or chest wall irradiation with or without LN re-
gions I-II irradiation and patients treated with breast, chest
wall and LN regions I-IV irradiation with or without the
irradiation of LN along the internal mammary artery. Lym-
phedema occurred in 60 out of 177 patients (33.9%) in the
first group, and in 55 out of 121 patients (45%) in the sec-
ond group, showing a statistically significant difference (p=
0.044).

Table2 Multivariant analysis of variables associated with the
occurrence of lymphedema 12 months after diagnosis.

Variable

HR, CI, p-value

Age (<51 vs 251 years)

BMI (<25.9 vs 225.9 [kg/m2])
Extent of breast surgery (breast-
conserving surgery vs mastec-
tomy)

Chemotherapy (no vs yes)

The irradiated regions of axil-
lary LN (O-1I vs I-1V)
Fractionation (conventional
fractionation vs hypofractiona-
tion)

Radiation technique (3D-CRT
vs IMRT)

ALT]J overlap with target vol-
umes (no vs yes)

ALTID98 (<11.4vs >11.4,
mean value, Gy)

ALTJ Dmean (<25.7 vs 225.7,
mean value, Gy)

ALTJ V45 (<3.3 vs =3.3, mean
value, cm3)

ALTJ V30 (<6.5 vs =6.5, mean
value, cm3)

ALTJ V20 (<7.3 vs =7.3, mean
value, cm3)

0.96 (0.93-0.99), p=0.014
1.09 (1.03-1.15), p=0.005
1.27 (0.64-2.55), p=0.495

1.12 (0.60-2.10), p=0.720

1.29 (0.46-3.66), p=0.630

0.82 (0.31-2.14), p=0.680

1.24 (0.58-2.65), p=0.583
1.36 (0.43-4.26), p=0.597
1.05 (1.02-1.08), p = 0.002
0.95 (0.90-0.99), p=0.019
1.01 (0.92-1.11), p=0.952
0.93 (0.71-1.22), p=0.593

1.12 (0.87-1.44), p=0.393

HR hazard ratio, CI 95% confidence interval, BMI body mass index,
LN lymph nodes, ALTJ axillary lateral thoracic vessel juncture,

Dx dose received by x% of the target volume, Dmean mean absorbed
dose within a target volume, Vx volume receiving x Gy; 3D-

CRT three-dimensional conformal radiation therapy, IMRT intensity-

modulated radiation therapy

ALT]J volume overlap with target volumes (breast, chest
wall, or regional LN regions) was identified in 153 (51.3%)
radiation plans, with a slightly higher lymphedema in-
cidence 12 months after diagnosis compared to patients
without volume overlap in their radiation plans (43.1%
vs. 33.8%), however, this difference was not statistically
significant (p=0.098).

According to the Kruskal-Wallis test, patients with
higher body mass index (BMI), mastectomy, irradiation of
I-IV LN regions, and higher ALTJ D98 and Dmean values
showed a statistically significantly higher risk developing
lymphedema. The results are presented in Table 1. In the
multivariate analysis, body mass index, extent of breast
surgery, extent of irradiation of axillary regions, higher
ALTJ D98 and higher ALTJ Dmean values were signifi-
cantly associated with lymphedema, the results are shown
in Table 2. In the group of patients with breast-conserving
surgery 70 out of 140 patients (33.3%) developed lym-
phedema, while in the group of patients with mastectomy
44 out of 87 patients (50.6%) had lymphedema. In patients
with lymphedema, the average ALTJ D98 was 14.4Gy
and ALTJ Dmean 28.3 Gy, while in those without lym-
phedema the average ALTJ D98 was 9.5Gy and ALTIJ
Dmean 24.1Gy.

Association of dose-volume parameters with
restricted mobility of the affected upper limb

At 12 months after diagnosis restricted mobility of the
affected upper limb was present in 106 patients (34.6%).

Table 3 Multivariate analysis of the dose-volume parameters
associated with restricted mobility of the ipsilateral upper limb
12 month after diagnosis.

Variable

HR, CI, p-value

1.06 (1.0-1.12), p=0.057
1.07 (0.81-1.41), p=0.655
1.00 (0.84-1.18), p=0.980
1.39 (0.41-4.72), p=0.596
0.94 (0.67-1.30), p=0.690
1.21 (0.89-1.65), p=0.227
0.88 (0.75-1.03), p=0.115
0.98 (0.94-1.02), p=0.244
1.08 (0.84-1.40), p=0.549
0.97 (0.83-1.12), p=0.640
0.94 (0.83-1.07), p=0.353
0.99 (0.88-1.12), p=0.896
1.03 (0.96-1.10), p=0.437

Humerus D>
Humerus Dog
Humerus Dmean
Humerus V45
Humerus V3o
Humerus V2o
Humerus V1o
Humerus PRV D>
Humerus PRV Dmean
Humerus PRV Vs
Humerus PRV V3g
Humerus PRV V3o
Humerus PRV Vo

HR hazard ratio, CI 95% confidence interval, Humerus humeral head,
Humerus PRV humeral head planning organ at risk volume, Dx dose
received by x% of the target volume, Dmean mean absorbed dose
within a target volume, Vx volume receiving x Gy
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Kruskal-Wallis test showed significant association between
multiple dose-volume parameters and restricted mobility
(Supplementary files Table 3), but multivariate analysis
found no significant link (Table 3).

Patient-reported outcome measures

At 6 and 12 months after diagnosis, 39/296 (13.2%) and
15/250 (6.0%) of patients reported a swollen arm or hand,
while 121/296 (40.9%) and 6/160 (3.4%) reported difficulty
raising or moving the arm sideways, and 114/297 (38.3%)
and 5/166 (3.0%) reported any pain in the arm or shoulder.

Discussion

The study explored the association between treatment tech-
niques, radiation dose-volume parameters and the occur-
rence of lymphedema and restricted upper limb mobility in
breast cancer patients.

The cumulative lymphedema incidence was 35.2% at
6 months and 38.6% at 12 months after diagnosis, which is
consistent with the literature [2-5]. A significantly higher
risk of lymphedema was observed in patients receiving radi-
ation to LN regions I-IV. Overlap between ALTJ and target
volumes was found in 51.3% of cases, with a slightly in-
creased but non-significant lymphedema risk. Efforts to de-
fine an anatomical region whose irradiation would be linked
to lymphedema risk have been inconclusive so far. The
few studies researching the connection between the dose-
volume parameters of the ALTJ region and lymphedema
are summarized in Table 4. Our multivariate analysis con-
firmed a significant association between ALTJ D98 and
ALTJ Dmean and the occurrence of lymphedema 12 months
after diagnosis (p=0.016 and p=0.042). These results sug-
gest that even minimal ALTJ irradiation may contribute to
lymphedema development.

The first study examining the association between the
ALTJ region and lymphedema was a 2019 study by Gross
et al., which included 265 patients with stage II and III
breast cancer treated with surgery and radiation. They con-
firmed an association between ALTJ radiation dose and the
risk of lymphedema, with the most convincing variable be-
ing a Dmin<36.8 Gy (3-year lymphedema incidence 5.7%
vs 37.4%, p value<0.001) [6]. A similar 2023 study by
Healy et al., included 378 patients and found no associa-
tion between ALTJ metrics and lymphedema [16].

In a 2023 study by Park et al., based on 1345 patients,
a multivariable model was developed to predict the risk
of lymphedema in breast cancer patients treated with ra-
diation therapy. The highest three- and five-year incidence
of lymphedema was found in patients with more than 10
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LN removed and ALTJ V35Gy >39.9% (18.7% and 25%),
while the incidence of lymphedema in patients with only
one of these risk factors (5.9%) or without both risk fac-
tors (0.5% and 0.9%) was significantly lower [15]. A 2023
study by Chang et al., which included 1449 patients, ex-
amined whether ALTJ dose-volume parameters inclusion
improved lymphedema risk prediction model. They found
the lowest risk of lymphedema in patients with< 6LN re-
moved and ALTJ V35 Gy < 66%, with a 5-year incidence of
1.2% and the highest risk in patients with> 15LN removed
and ALTJ Dmax> 53 Gy, with a 5-year incidence of 71.4%
[14].

Taking altogether, studies have shown that irradiation of
lymph node areas [17], larger radiation volumes (including
more lymphatic structures) [18, 19], and higher radiation
dose to the lymph node area [6, 14, 15, 19] all increase the
risk of lymphedema, most likely by causing more severe
fibrosis and vascular damage, making lymphatic obstruc-
tion more likely [20]. The results whether ALTJ should
be identified as an organ at risk (OAR) remain contradic-
tory, although several studies support its role as a potential
risk factor for lymphedema development. Dosimetric con-
straints for particular axillary structures have yet to be inte-
grated into clinical practice, as additional prospective stud-
ies are required (e.g., investigating optimized radiotherapy
planning and incorporating sparing techniques that consider
lymphatic vessel anatomy), along with individualized imag-
ing of the lymphatic system, given that lymphatic drainage
in the arm may differ among patients [21]. The primary
risk factors for lymphedema remain the extent of axillary
LN surgery, the number of LN removed, adjuvant radiation,
advanced stage and higher BMI [20, 22].

The cumulative incidence of restricted mobility of the
ipsilateral upper limb 12 months after breast cancer di-
agnosis was 34.6%, aligning with literature. Multivariate
analysis found no statistical association between humerus
volume-dose parameters and lymphedema. To date, only
one research, by Belaidi et al., investigated the humeral
head as a potential OAR, analysing late adverse events in
159 patients undergoing breast cancer radiation. The aver-
age dose to the humeral head was 9.18 Gy and the maxi-
mum 24.41 Gy, but no statistical link with the occurrence
of adverse events was found [23]. To validate data from
retrospective research, humeral head and surrounding soft
tissue should be included in future prospective dosimetric
studies as a possible OAR.

Our study is the first in Slovenia to investigate whether
the ALTJ’s dose-volume parameters influence the devel-
opment of lymphedema, as well as the effect of humeral
head irradiation on the incidence of limited mobility in the
adjacent upper limb. To the best of our knowledge, there
have been very few studies on this topic published. The
strength of our study is precise ALTJ region delineation
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(with no inter-observership variability), a relatively large
patient cohort and regular prospective follow-up intervals
(6 and 12 months). Additionally, we analysed dose-volume
parameters for both sentinel lymph node biopsy and axil-
lary dissection. Our study’s limitations include the use of
a single definition of lymphedema, measured by circumfer-
ence difference of =2cm. As definitions vary in the litera-
ture, our findings may not be directly comparable to those
of other studies. However, a main limitation is the short
12 months follow-up, since late irradiation consequences
like fibrosis can occur later. Furthermore, although we col-
lected PROMs at regular intervals, we did not consider their
association with radiation therapy. This publication only
presents a subset of the data collected from a prospective
institutional study. Additional datasets (particularly the as-
sociation between PROMs and exposure to radiation ther-
apy), beyond the scope of this research, are being analyzed
and will be explored in future publications.

Conclusions

In this study, we investigated the impact of radiation on
common side effects after breast cancer treatment. We
found that the near minimal and mean dose received by the
ALTJ, near the target radiation volumes, is important for
the occurrence of lymphedema 12 months after diagnosis.
The association between the dose received by the humeral
head and limited mobility of the adjacent shoulder joint
was not found.
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