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Abstract
Purpose: Breast cancer-related lymphedema (LE) signi�cantly impairs the patients’ quality of life. Axillary
lymph node dissection (ALND) is a strong risk factor for LE in breast cancer surgery. In addition,
postoperative administration of docetaxel (DTX) has been reported to be a risk factor for LE in patients
who undergo ALND. Herein, we performed a secondary analysis of the risk of objective LE after ALND
using data from our previous study.

Methods: Patients who visited the medical follow-up clinic between 12 November 2018 and 11 January
2019 and at least one year postoperatively were eligible for this study. Objective LE was de�ned as a
difference of at least 2 cm between the affected and unaffected arms or when therapeutic intervention
had already been performed for LE. The risk factors for objective LE according to taxane-containing
regimen, radiation therapy, and body mass index and the effects of a taxane-containing regimen followed
by supraclavicular irradiation on LE were examined.

Results: Objective LE was observed in 52 patients (24%). Univariate and multivariate analyses showed
that supraclavicular �eld irradiation was a statistically signi�cant risk factor for objective LE. The
sequential use of taxane-containing regimen and supraclavicular RT was more likely to be a risk factor
for LE than ALND alone.

Conclusion: The risk for LE was more likely to be higher with the sequential use of taxane-containing
chemotherapy and supraclavicular �eld irradiation. Therefore, management of LE is important these
cases.

Introduction
Breast cancer-related lymphedema (LE) causes pain, oedema of the upper limbs, and functional disability
and signi�cantly impairs the patients’ quality of life[1]. Therefore, it is important to avoid the risk of LE
and provide appropriate management for it. Most lymph nodes or lymphatic ducts from the upper limb
nodes are located in the axillary lymph node dissection (ALND) �eld, where surgeons usually remove
lymph nodes for dissection [2]. Performing ALND disrupts the lymphatic system of the upper limbs and
decreases the patency of the remaining channels due to scarring [3] LE results from functional overload
of the lymphatic system, wherein the lymph volume exceeds the transport capabilities of the system [4].
An increase in interstitial �uid above the normal level results in failure of the lymphatic drainage system,
which leads to swelling [5]. Some known risk factors for LE are (1) surgery involving the axilla, (2) body
mass index (BMI), (3) infection, (4) chemotherapy, and (5) radiation therapy (RT) [6–9]. In particular,
ALND in breast cancer surgery is one of the strongest risk factors for LE, and its incidence has been
reported to be approximately 6–50% [6, 7, 10–13].

We conducted a previous study of primary breast cancer patients at our institution to identify differences
in subjective and objective LE after breast cancer surgery [11]. Our study clearly showed that subjective
and objective assessments of LE differed signi�cantly between patients who underwent sentinel lymph
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node biopsy (SLNB) and those who underwent ALND. In particular, the incidence of LE in the objective
assessment was signi�cantly higher in the ALND group, and ALND was identi�ed as a risk factor for LE.
Moreover, we examined other risk factors for LE after breast cancer surgery and concluded that ALND and
RT were statistically signi�cant risk factors for LE [11].

Taxane-based chemotherapy, especially docetaxel (DTX), has also been suggested to be a risk factor for
LE [14–16]. In addition, postoperative administration of DTX has been reported to be a risk factor for LE
in patients who have undergone ALND [10]. However, it remains controversial whether patients who
receive ALND should avoid DTX-containing neoadjuvant or adjuvant chemotherapy. Therefore, we
performed a secondary analysis of the risk of objective LE after ALND using data from our previous
study. The purpose of this analysis was to examine the risk factors for objective LE after ALND according
to taxane-containing regimen, RT, and BMI. In addition, we examined the effects of a taxane-containing
regimen followed by supraclavicular irradiation on LE.

Patients And Methods

Primary study
Our previous study was designed to determine the subjective and objective prevalence of LE in each
patient group that underwent SLNB and ALND. The target population was all breast cancer patients who
visited the hospital for regular medical follow-up between 12 November 2018 and 11 January 2019. The
inclusion criteria were as follows: (1) patients who underwent lumpectomy or mastectomy and SLNB or
ALND more than one year ago, (2) breast cancer patients without any evidence of recurrence, and (3)
Eastern Cooperative Oncology Group (ECOG) performance status score ranging from 0 to 2. The
exclusion criteria included metastatic disease, history of bilateral breast cancer, administration of
chemotherapy or RT during the study period, arm oedema due to systemic disease, arm paralysis due to a
condition other than LE, heart pacemakers in the body, and pregnancy. We collected data on patient
characteristics from the clinical records.

Secondary study
For this secondary analysis, 216 patients with primary breast cancer who underwent ALND at our hospital
in the previous study were recruited. Of the 216 patients enrolled, 2 patients who received both DTX and
paclitaxel (PTX) were excluded. To evaluate objective LE, 4-point arm circumference measurements –
metacarpophalangeal joint, wrist, 5 cm distal from the elbow, and 10 cm proximal from the elbow – were
performed for both arms. Arm circumference measurements were performed by six investigators who
were trained before the study. Objective LE was de�ned as a difference of at least 2 cm between the
affected and unaffected arms or when therapeutic intervention had already been performed for LE.

Statistical analysis
Baseline characteristics were evaluated using Pearson’s χ2 test. Univariate and multivariate analyses
were also performed using logistic regression. Statistical signi�cance was set at P < 0.05. All data
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analyses were performed using Stata Ver15.

Results

Characteristics of the study population
A total of 214 patients who underwent ALND were included in this analysis. The median time from
surgery was 4 years (range, 1–15). Objective LE was observed in 52 patients (24%). The median age was
54.5 years (range, 31–86).

Neoadjuvant or adjuvant chemotherapy was administered to 186 (86.0%) patients. There were 114 who
received a DTX-containing regimen and 55 who received a PTX-containing regimen. There were no
statistically signi�cant differences in the administration of DTX and PTX between the objective LE group
and the no objective LE group (Table 1). Among all the patients, 133 received RT, of which 93 received
supraclavicular radiation.
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Table 1
Baseline characteristics

  Objective LE

n = 52 (%)

No Objective LE

n=162 (%)

P-value

Age     0.04

Median (range) 53 (31–86) 61.5 (35–79)  

< 40 1 (1.9) 11 (6.8)  

40–49 10 (19.2) 47 (29.0)  

50–59 14 (26.9) 47 (29.0)  

60–69 11 (21.2) 36 (22.2)  

> 70 16 (30.8) 21 (13.0)  

Postoperative year      

Median (range) 4.2 (1.0–16.0) 5.1 (1.0-12.5)  

cStage     < 0.01

0 3 (5.8) 15 (9.3)  

A 8 (15.4) 33 (20.4)  

A 10 (19.2) 45 (27.8)  

B 12 (23.1) 43 (26.5)  

A 3 (5.8) 15 (9.3)  

B 9 (17.3) 7 (4.3)  

C 6 (11.5) 1 (0.6)  

unknown 1 (1.9) 3 (1.8)  

Chemotherapy     0.49

None 5 (4.9) 25 (16.2)  

LE, lymphedema; BMI, body mass index

※1. DTX-containing regimen: doxorubicin and cyclophosphamide, followed by docetaxel, docetaxel,
and cyclophosphamide

※2. PTX-containing regimen: doxorubicin and cyclophosphamide followed by paclitaxel

※3. Other regimens: Patients received only doxorubicin and cyclophosphamide or combination
chemotherapy with cyclophosphamide, methotrexate, and �uorouracil (CMF) or oral �uoropyrimidines
(S-1).
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  Objective LE

n = 52 (%)

No Objective LE

n=162 (%)

P-value

DTX containing regimen※1 32 (61.5) 82 (50.6)  

PTX containing regimen※2 15 (28.8) 41 (25.3)  

Other regimen※3 0 15(9.3)  

Radiation therapy     0.04

none 11 (21.2) 68 (42.0)  

Breast/chest wall 10 (19.2) 30 (18.5)  

Breast/chest wall + supraclavicular area 30 (57.7) 63 (38.9)  

unknown 1 (1.9) 1 (0.62)  

BMI     0.03

Low (< 18) 3 (5.8) 10 (6.2)  

Intermediate (18-<25) 29 (55.8) 119 (73.4)  

High (≥ 25) 20 (38.4) 33 (20.4)  

LE, lymphedema; BMI, body mass index

※1. DTX-containing regimen: doxorubicin and cyclophosphamide, followed by docetaxel, docetaxel,
and cyclophosphamide

※2. PTX-containing regimen: doxorubicin and cyclophosphamide followed by paclitaxel

※3. Other regimens: Patients received only doxorubicin and cyclophosphamide or combination
chemotherapy with cyclophosphamide, methotrexate, and �uorouracil (CMF) or oral �uoropyrimidines
(S-1).

The clinical stage tended to be higher in the objective LE group than in the no objective LE group, and RT
tended to be more frequent in the objective LE group than in the no objective group (Table 1).

Risk factors for objective LE
Univariate and multivariate analyses showed that supraclavicular �eld irradiation was a statistically
signi�cant risk factor for objective LE. In contrast, DTX and PTX alone were not statistically signi�cant
risk factors for objective LE (Table 2).
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Table 2
Univariate analysis and multivariate analyses

  Univariate Multivariate

  OR 95%CI P-
value

OR 95%CI P-
value

Chemotherapy            

None 1     1    

DTX containing regimen※1 1.87 0.65–
5.33

0.24 1.45 0.58–
13.27

0.50

PTX containing regimen※2 1.75 0.56–
5.43

0.33 1.54 0.51–
13.44

0.50

Radiation therapy            

none 1     1    

Breast/chest wall 2.06 0.79–
5.37

0.14 1.6 0.63–4.58 0.30

Breast/chest wall + supraclavicular
area

2.94 1.36–
6.36

< 0.01 2.6 1.15–5.90 0.02

BMI            

Low (< 18) 1     1    

Intermediate (18-<25) 0.81 0.21–
3.14

0.76 1.6 1.15–5.90 0.60

High (≥ 25) 2.02 0.49–
8.23

0.32 3.9 0.73–
20.86

0.10

OR, odds ratio; CI, con�dence interval; BMI, body mass index

※1. DTX-containing regimen: doxorubicin and cyclophosphamide, followed by docetaxel, docetaxel,
and cyclophosphamide

※2. PTX-containing regimen: doxorubicin and cyclophosphamide followed by paclitaxel

The sequential use of a taxane-containing regimen and supraclavicular RT was more likely to be a risk
factor for LE than ALND alone (no irradiation and no taxane-containing regimen) (Table 3). Therefore, we
compared each taxane regimen with supraclavicular RT and found that DTX was more likely to be a risk
factor for LE in cases of sequential use of supraclavicular RT than with ALND alone (Table 4). However,
when comparing DTX with supraclavicular RT and PTX with supraclavicular RT directly, there was no
statistically signi�cant difference in the risk of objective LE between the two groups (Supplementary
Table 1).



Page 9/14

Table 3
The risk for LE of sequential use of taxane-containing regimen and supraclavicular irradiation

Treatment Objective LE

Chemotherapy RT OR 95%CI P-value

None None 1    

taxane containing
regimen※1

None 1.27 0.41–
3.89

0.67

taxane containing regimen Breast/chest wall + supraclavicular
RT

3.12 1.21–
8.03

0.02

※1. Taxane-containing regimen: doxorubicin and cyclophosphamide followed by docetaxel,
docetaxel, and cyclophosphamide. Or doxorubicin and cyclophosphamide followed by paclitaxel

Table 4
The Risk for LE with sequential use of each taxane-containing regimen and supraclavicular irradiation
Treatment Objective LE

Chemotherapy RT OR 95%CI P value

None None 1    

PTX containing regimen※1 None 1.97 0.59–6.60 0.27

PTX containing regimen Breast/chest wall + supraclavicular RT 2.88 0.87–9.56 0.08

DTX containing regimen※2 None 1.27 0.41–3.88 0.67

DTX containing regimen Breast/chest wall + supraclavicular RT 3.97 1.44–10.9 < 0.01

RT, radiation therapy; LE, lymphedema; OR, odds ratio; CI, con�dence interval

※1. PTX-containing regimen: doxorubicin and cyclophosphamide followed by paclitaxel

※2. DTX-containing regimen: doxorubicin and cyclophosphamide, followed by docetaxel, docetaxel,
and cyclophosphamide

Discussion
Our study revealed that the most signi�cant risk factor for objective LE after ALND was irradiation of the
supraclavicular �eld and not chemotherapy alone, breast/chest wall irradiation alone, or BMI alone.
Radiation can lead to increased scarring and LE, and post-radiation scarring can be more pronounced in
the postoperative axilla. Several studies have reported that irradiation of supraclavicular �elds is a risk
factor for LE after ALND [13, 17–19]. Sherry et al. reported that regional irradiation after ALND further
increased the incidence of LE [18]. Consistent with this �nding, in the current study, we also revealed that
breast/chest wall irradiation alone was not associated with a higher risk of LE, but supraclavicular
irradiation was found to be a risk factor for LE. This suggests that irradiation of the supraclavicular area
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increases the risk of LE after ALND. Lymphatic �ow from the upper extremities goes to the axillary lymph
nodes, which in turn drain to the subclavian lymphatic trunk along the subclavian vein and then to the
con�uence of the subclavian vein and the internal jugular vein (venous angle). Therefore, the
supraclavicular area has abundant lymphatic �ow in the upper extremities, and this may have been
caused by the disturbance of lymphatic �ow secondary to RT of the supraclavicular area, thus leading to
LE.

DTX has also been suggested to be a risk factor for LE after ALND. The proposed mechanism by which
DTX causes LE is the in�ammation of vascular endothelial cells, resulting in abnormal capillary
permeability [20, 21]. Furthermore, it has been reported that postoperative transient LE is more likely to
occur with taxane regimens than with anthracyclines [22]. However, our study showed that DTX alone
was not a signi�cant risk factor for LE after ALND. According to Swaroop et al., DTX is a controversial risk
factor for LE because it depends on the timing of diagnosis of LE [15]. Thus, one of the reasons why DTX
alone was not a risk factor for LE in our study is that the left-right difference between the affected and
healthy sides was measured. Moreover, it has been more than one year since the operation, so at least the
effect of temporary oedema caused by DTX could be excluded.

Although our study showed that DTX or PTX alone was not a risk factor for LE, the sequential use of
supraclavicular irradiation and taxane-containing chemotherapy may increase the risk of LE after ALND.
This may be because the increased vascular permeability caused by the taxane regimen can trigger
oedema at the site of decreased lymphatic transport capacity and scarring caused by ALND and
irradiation of the supraclavicular area. The risk factors for LE are complex, suggesting that a combination
of various factors may increase the risk of LE. However, in the comparison of taxane-containing
regimens, there was no statistically signi�cant difference between the sequential use of supraclavicular
�eld irradiation with DTX and the sequential use of supraclavicular �eld irradiation with PTX. This was
attributed to the small sample size of each group in this study.

LE is a serious complication in patients with breast cancer, and its prevention has been an area of
interest. Studies have shown that early prevention is effective [23, 24]. Recently, Paramanandam et al.
reported that prophylactic wearing of sleeves reduced the risk of LE after ALND [25]. For patients who
require postoperative supraclavicular irradiation after ALND, breast cancer is more advanced, and
adequate systemic treatment and local treatment, including RT, are considered necessary. Therefore, it is
important to consider preventive measures to avoid postoperative LE when performing supraclavicular
�eld irradiation following ALND.

The main limitation of our current study was the selection bias. The choice of postoperative
chemotherapy regimen is dependent on each physician, and some physicians have avoided DTX for high-
risk patients with LE to avoid LE. However, there was no difference in patient background between the
PTX and the DTX groups; therefore, it is unlikely to be a major bias in this study. Moreover, the result that
the risk of LE after ALND tended to be higher in the cases of sequential use of supraclavicular �eld
irradiation and taxane-containing chemotherapy than in the cases of ALND alone or sequential use of
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taxane-containing regimen without supraclavicular irradiation still supports the fact that the risk factors
for LE are complex and associated with the above mechanisms. In summary, the risk factors for LE are
complex, and there are only a few studies on the risk associated with the sequential use of
supraclavicular irradiation and taxane-containing chemotherapy. However, as mentioned above, in the
comparison of sequential use of supraclavicular �eld irradiation and each taxane-containing regimen in
this study, there were no statistically signi�cant differences due to the small population size of each
group. Thus, further studies are needed to determine whether the risk of LE increases with supraclavicular
RT versus DTX with supraclavicular RT. In addition, we did not examine the risk of LE based on whether
neoadjuvant or adjuvant administration of taxane-containing chemotherapy was used in this analysis,
and this point should be examined in the future.

Conclusion
The most signi�cant risk factor for the development of objective LE after ALND is supraclavicular area
irradiation. The risk for LE was more likely to be higher with the sequential use of taxane-containing
chemotherapy and supraclavicular �eld irradiation. Therefore, management of LE is important in cases of
sequential supraclavicular irradiation with a taxane-containing regimen.
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