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Simple Summary: Lymphedema is a chronic debilitating condition that requires continuous atten-
tion. ICG fluoroscopy shows a detailed superficial lymphatic architecture, can provide additional
information regarding the functionality of lymphatic transport and can show early abnormalities
of the lymphatic system. The aim of this study is to investigate whether his early disturbance of
lymphatic transport visualized by lymphofluoroscopy is a risk factor for the development of breast-
cancer-related lymphedema (BCRL). No such research has been conducted to date. All patients
scheduled for breast cancer surgery with unilateral axillary lymph node dissection or sentinel node
biopsy were considered. Patients were assessed at baseline and 1, 3, 6, 9, 12, 18, 24 and 36 months
postoperatively. During each visit, a clinical assessment was performed to determine the presence of
clinical lymphedema (≥5% increase in relative arm volume difference compared to the baseline value).
Variables related to (1) the disturbance of lymphatic transport, (2) the demographics and general
health of the patient and (3) the breast cancer and treatment of the patient were also investigated.
Early disturbance of lymphatic transport visualized by lymphofluoroscopy was identified as a risk
factor for the development of clinical BCRL. Age and axillary lymph node dissection were withheld
as independent risk factors. A surveillance program of these high-risk patients with lymphofluo-
roscopy can be useful to identify lymphedema in a subclinical stage and prevent development to
more advanced stages.

Abstract: Introduction: Breast-cancer-related lymphedema (BCRL) is a frequently occurring and
debilitating condition. When lymphedema is diagnosed late, treatment can be expected to be less
effective. Lymphofluoroscopy can provide details about the superficial lymphatic architecture and
can detect an early disturbance of lymphatic transport (i.e., dermal backflow) before the lymphedema
is clinically visible. The main objective of this study is to investigate whether this early disturbance
of lymphatic transport visualized by lymphofluoroscopy is a risk factor for the development of
BCRL. Methodology: All patients scheduled for unilateral breast cancer surgery with axillary lymph
node dissection or sentinel node biopsy were considered. Patients were assessed at baseline and
1, 3, 6, 9, 12, 18, 24 and 36 months postoperatively. During each visit, a clinical assessment was
performed to determine the volume difference between both arms and hands (through circumference
measurements and water displacement). Clinical BCRL was defined as a ≥5% increase in relative
arm volume difference compared to the baseline value. Variables related to (1) the disturbance of
lymphatic transport (through lymphofluoroscopy), (2) the demographics and general health of the
patient and (3) the breast cancer and treatment of the patient were collected. Results: We included data
of 118 patients in the present study. Thirty-eight patients (39.8%) developed BCRL. Early disturbance
of lymphatic transport was identified as a risk factor for the development of clinical BCRL (HR
2.808). Breast-cancer- and treatment-related variables such as axillary lymph node dissection (ALND)
(HR 15.127), tumor stage (HR 1.745), mastectomy (HR 0.186), number of positive lymph nodes (HR
1.121), number of removed lymph nodes (HR 1.055), radiotherapy of the axilla (HR 2.715), adjuvant
taxanes (HR 3.220) and postsurgical complications (HR 2.590) were identified as significant risk
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factors for the development of BCRL. In the multivariate analysis, age and ALND were withheld as
independent risk factors for the development of BCRL. Conclusion: Lymphofluoroscopy can identify
an early disturbance of lymphatic transport after breast cancer treatment. Patients with an early
disturbance of lymphatic transport are considered to be a high-risk group for the development of
BCRL. This study also confirms that age and ALND are predictors for the development of BCRL.
Therefore, a surveillance program of these patients with lymphofluoroscopy could be useful to
identify lymphedema in subclinical stages.

Keywords: lymphedema; risk; ICG lymphofluoroscopy; near-infrared fluorescence; early detection

1. Introduction

Despite the availability of less invasive surgical techniques and treatment options,
breast-cancer-related lymphedema (BCRL) remains one of the most important and feared
complications after breast cancer treatment [1]. Breast cancer survivors have a lifelong
risk of developing lymphedema, with the incidence rate ranging from 5.6% to 63.4% [2].
Surgical and non-surgical techniques have been implemented for the prevention of the
development of lymphedema [3–5], but further research is needed.

A clinical stage system can be used based on the history and clinical examination of
the patient [1]. Four stages are defined: stage 0 refers to a subclinical state, where edema is
not yet visible despite impaired lymphatic transport; stage I refers to an early accumulation
of fluid; stage IIa represents swelling that does not subside with limb elevation manifest
pitting; stage IIb is characterized by the disappearance of pitting and fibrosis, together with
the emergence of fat; and stage III is the most advanced form, with skin abnormalities and
further fat accumulation and fibrosis of the tissue.

Clinical assessment tools such as tissue dielectric constant, bioelectrical impedance
spectroscopy, circumference measurement, perometric measurements and the water dis-
placement method can be used to detect lymphedema [6,7]. Preoperative and postoperative
measurement at regular times are needed to detect lymphedema early, but there still is
no consensus on the threshold defining subclinical lymphedema [6]. In some studies, a
threshold of ≥3% volume increase compared to preoperative values is defined as subclini-
cal BCRL [8]. A threshold of ≥5% volume increase is used to define clinical BCRL. Other
measurement techniques can assess fluid in the tissue, either in the extracellular space
(bioelectrical impedance spectroscopy) [9] or the skin (tissue dielectric constant) [10].

Lymphofluoroscopy, or near-infrared fluorescence lymphatic imaging, is an imaging
technique that visualizes the disturbance of superficial lymphatic transport. Three patterns
of dermal backflow (splash, stardust and diffuse) are described according to the severity
of the disturbance [11]. According to Akita et al., this imaging technique can be used for
early detection of BCRL (=subclinical BCRL) [12]. They included 196 patients planned for
surgical treatment of breast cancer, of which 25% developed a dermal backflow pattern
within the first year after the surgery.

A number of risk factors for the development of clinical BCRL have been investigated.
These can be categorized as risk factors related to demographics and general health (such
as body mass index (BMI), age, race or diabetes) and risk factors related to the treatment
(such as type of surgery, type of lymph node dissection, chemotherapy, radiotherapy,
tumor stage and number of positive lymph nodes). A higher age and a higher BMI have
been proven to be associated with a higher risk for the development of clinical BCRL.
In some studies, a low level of physical activity [13], hypertension [14], black race [14]
and a low level of education [15] were associated with a higher risk of BCRL. Modified
radical mastectomy (versus breast-conserving surgery), axillary lymph node dissection
(ALND) versus sentinel lymph node dissection (SLND), radiotherapy, chemotherapy and
postsurgical complications [16] have been described as treatment-related risk factors for
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the development of clinical BCRL [2,17–19]. Higher tumor stage and higher number of
positive lymph nodes are known risk factors related to breast cancer [2,19].

Whether early disturbance of lymphatic transport visualized by lymphofluoroscopy is
a risk factor for the development of clinical BCRL has not been investigated to date.

The primary aim of this study is to investigate whether early disturbance of lymphatic
transport visualized by lymphofluoroscopy is a risk factor for the development of clinical
BCRL. The secondary aim is to investigate whether demographic, general health and
treatment-related variables found in the literature can be confirmed in the present study.

2. Methodology
2.1. Trial Design

The present study is a prospective cohort study that is part of the Dearly trial (De-
termining the role of pre-existing factors, early diagnostic options and early treatment in
the development of BCRL) [20]. The study was approved by the Ethical Committee of the
University Hospitals Leuven (S-number 60382, EudraCT number 2017-002306-12). The
study has been registered at clinicaltrials.gov (NCT 03210311).

2.2. Participants

The recruitment of subjects started in November 2017 and ended in May 2019. All
consecutive breast cancer patients who were scheduled for surgery for primary breast
cancer were asked to participate. All patients were recruited in the Multidisciplinary Breast
Centre of the University Hospitals Leuven, Belgium. Inclusion criteria were (1) age ≥18 y,
(2) women/men with primary unilateral breast cancer and scheduled for axillary lymph
node dissection (ALND) or sentinel lymph node biopsy (SLNB), (3) oral and written ap-
proval of informed consent and (4) understanding Dutch. Exclusion criteria were (1) edema
of the upper limb from other causes, (2) not being able to participate during the entire study
period, (3) mentally or physically unable to participate in the study, (4) contraindication for
the use of indocyanine green (ICG) or (5) metastatic disease.

All patients received oral and written information. All included patients signed an
informed consent form prior to the start of the study.

2.3. Data Collection

All assessments were performed at baseline and 1, 3, 6, 9, 12, 18, 24 and 36 months
postoperatively.

2.4. Development of Clinical BCRL

During the various follow-up visits, the presence of clinical BCRL was evaluated.
Circumference measurements at the olecranon and 4, 8, 12, 16 and 20 cm above and under
the olecranon were performed in the affected and healthy arms [21]. The volume of the
arm segments was calculated using the formula of the truncated cone (V = 4 × (C1

2 + C1C2
+ C2

2)/12π, where V is the volume, C1 is the upper circumference and C2 is the lower
circumference of each segment) [22]. The volume of the arm (without the hand) is the
sum of the volume of the different arm segments. The hand volume of both sides was
determined by the water displacement method using the most distal skinfold at the wrist as
the reference point [23]. The volume of the arm was determined as the sum of the volume
of the arm (without hand) and the volume of the hand.

Clinical BCRL was defined as a ≥5% increase in relative arm volume difference
compared to the baseline value. The relative arm volume difference was calculated as the
absolute arm volume difference between the affected side and the healthy side divided
by the absolute arm volume of the health side multiplied by 100, and the absolute arm
volume was calculated as the sum of the volumes of the different arm segments and the
hand volume. Clinical BCRL was scored positive when observed at 36 months or earlier.

clinicaltrials.gov
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2.5. Lymphatic-Transport-Related Variable

All lymphofluoroscopic assessments were performed by one person (ST) who was
blinded to the participants’ data.

During lymphofluoroscopy, ICG was injected intradermally in the first and fourth
webspace of the hand on the affected side. The same procedure described in a previous
publication [20] was used for lymphofluoroscopy.

The presence of dermal backflow was scored 0 if a normal (linear) pattern was seen
and 1 if an abnormal pattern (splash, stardust or diffuse) at least the size of a EUR 2 coin
was seen. Early disturbance of lymphatic transport was defined as present if there was
at least one occurrence of lymphofluoroscopy abnormality before the first occurrence of
clinical BCRL. Patients were divided into four different groups: patients who developed
clinical BCRL with and without early disturbance and patients who developed no clinical
BCRL with or without early disturbance of lymphatic transport.

2.6. Demographic and General Health-Related Variables

Demographic variables (age, dominance and BMI) and general health-related variables
(diabetes, hypertension, hypothyroidism, hyperthyroidism, chronic heart failure, chronic
renal failure and history of infection or trauma in the affected limb) were collected by
interview with the patients.

The physical activity level was assessed at baseline using the International Physical
Activity Questionnaire (IPAQ long version). This questionnaire comprises a set of 5 activity
domains asked independently [24]. According to the scoring, three levels of physical
activity were assigned: low (<600 metabolic equivalent (MET) min/week), moderate
(<3000 MET min/week) and high (>3000 MET min/week).

2.7. Breast-Cancer- and Treatment-Related Variables

Data related to the breast cancer such as tumor stage, type of cancer and the number
of excised and positive lymph nodes were recorded according to the pathology report in
the patient’s electronic medical file.

Treatment-related variables consisting of the type of surgery, chemotherapy, radio-
therapy, hormone therapy and postsurgical complications were identified by notes in the
electronic medical file of the patient.

2.8. Statistical Methods

Group comparisons were performed using Fisher’s exact test for nominal variables or
a Mann–Whitney U test for continuous or ordinal variables. Most of the variables were
nominal variables. The variables age, BMI, physical activity level, number of removed
lymph nodes and number of positive lymph nodes were analyzed as continuous variables.
Tumor stage was analyzed as an ordinal variable.

Logistic regression analyses (=univariate analyses) were applied to investigate the
prognostic effect of possible risk factors on the development of clinical BCRL (yes/no). The
results were reported as hazard ratios (HRs) with 95% confidence intervals.

Thereafter, a forward stepwise model selection procedure was applied to develop a
multivariable model of independent risk factors.

All reported p-values are two-sided. Analyses were performed using SAS software
(version 9.4 of the SAS System for Windows).

3. Results
3.1. Description of Participants

A total of 118 patients were enrolled for this trial. The mean age of the patients was
55.6 (SD 12.0), and the mean BMI was 25.9 (SD 4.9). ALND was performed in 70 patients
(59%), and 48 patients (41 %) underwent SLNB. A total of 83 patients (70%) underwent a
mastectomy, and 35 patients (30%) underwent a breast-conserving surgery. Detailed patient
characteristics are summarized in Table 1.
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Table 1. Variables of the study participants.

Variable Without Clinical
BCRL after 3 Years

With Clinical BCRL
after 3 Years p-Value

Demographic and general health-related variables

N = 71 N = 47

Age 54.6 (±11.8) * 56.9 (±12.7) * 0.394
BMI 25.7 (±4.9) * 26.2 (±4.9) * 0.451

Surgery on dominant side
No 34 (47.89%) 24 (51.06%) 0.851
Yes 37 (52.11%) 23 (48.94%)

Diabetes
No 68 (95.77%) 45 (95.74%) 1.000
Yes 3 (4.23%) 2 (4.26%)

Hypothyroidism
No 68 (95.77%) 40 (85.11%) 0.087
Yes 3 (4.23%) 7 (14.89%)

Hyperthyroidism
No 68 (95.77%) 46 (97.87%) 1.000
Yes 3 (4.23%) 1 (2.13%)

Arterial hypertension
No 57 (80.28%) 36 (76.60%) 0.651
Yes 14 (19.72%) 11 (23.40%)

Chronic heart failure
No 70 (98.59%) 46 (97.87%) 1.000
Yes 1 (1.41%) 1 (2.13%)

Chronic renal failure
No 71 (100%) 46 (97.87%) 0.398
Yes 0 (0%) 1 (2.13%)

Previous injury/infection
No 65 (91.55%) 43 (91.49%) 1.000
Yes 6 (8.45%) 4 (8.54%)

N = 69 N = 44

Physical activity score
Low 7 (10.14%) 6 (13.64%) 0.630

Moderate 29 (42.03%) 21 (47.73%)
High 33 (47.83%) 17 (38.64%)

Breast-cancer- and treatment-related variables

N = 71 N = 47

Type of cancer
Ductal 58 (81.69%) 37 (78.72%) 0.586

Lobular 8 (11.27%) 8 (17.02%)
Other 5 (7.04%) 2 (4.26%)

Tumor stage
Tis 2 (2.82%) 0 (0%) 0.002
T1 30 (42.25%) 10 (21.28%)
T2 31 (43.66%) 18 (38.30%)
T3 6 (8.45%) 11 (23.40%)
T4 2 (2.82%) 8 (17.02%)

Type of surgery
Mastectomy 40 (56.34%) 43 (91.49.84%) <0.001

Breast-conserving surgery 31 (43.66%) 4 (8.51%)
Extent of LN dissection

SLNB 45 (63.38%) 3 (6.38%) <0.001
ALND 26 (36.62%) 44 (93.62%)

Number of removed LNs 8.68 (±10.351) * 18.45 (±8.235) * <0.001
Number of positive LNs 0.85 (±2.494) * 3.26 (±3.26) * <0.001
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Table 1. Cont.

Variable Without Clinical
BCRL after 3 Years

With Clinical BCRL
after 3 Years p-Value

Postsurgical complications
No 35 (49.30%) 10 (21.28%) 0.003
Yes 36 (50.70%) 37 (78.72%)

RT axilla
No 69 (97.18%) 41 (87.23%) 0.058
Yes 2 (2.82%) 6 (12.77%)

Taxanes
No 45 (63.38%) 12 (25.53%) <0.001
Yes 26 (36.62%) 35 (74.47%)

Tamoxifen
No 56 (78.87%) 38 (80.85%) 1.000
Yes 15 (21.13%) 9 (19.15%)
AI
No 25 (35.21%) 12 (25.53%) 0.314
Yes 46 (64.79%) 35 (74.47%)

* Mean (SD). BMI: body mass index; LNs: lymph nodes; RT: radiotherapy; AI: aromatase inhibitor; ALND: axillary
lymph node dissection; SLNB: sentinel lymph node biopsy.

Of the 118 patients in the study, 47 (39.83%) developed clinical BCRL after a follow-
up time of 36 months. A total of 10 patients developed BCRL after 1 month, 7 patients
developed BCRL after 3 months, 9 patients developed BCRL after 6 months, 7 patients
developed BCRL after 9 months, 7 patients developed BCRL after 12 months, 3 patients
developed BCRL after 24 months and 4 patients developed BCRL after 36 months. The
median absolute volume difference of the arm in the group of patients with clinical BCRL
was comparable between with that of patients who did not develop early disturbance of
lymphatic transport and the patients who did develop early disturbance (175 mL versus
152 mL, respectively, p = 1.0000) (Table 2).

Table 2. Arm volume of affected side and absolute and relative arm volume differences for the
different groups.

Patients with Clinical BCRL
N = 42

Patients without Clinical BCRL
N = 70

Without Early
Disturbance

With Early
Disturbance p-Value Without Early

Disturbance
With Early

Disturbance p-Value

N = 25 N = 17 N = 46 N = 24

Total volume
Median (range)

2632 mL
(1477;4548)

2537 mL
(1821;3892) 0.898 2554 mL

(1641;3952)
2490 mL

(1709;3695) 0.590

Absolute volume
difference sum
Median (range)

175 mL
(−52.87;420)

152 mL
(19.94;500) 1.000 −28 mL

(−250;163)
−43 mL

(−231;197) 0.758

Relative volume
difference percentage

Median (range)

7.61%
(−1.77;18.78)

6.34%
(0.90;23.38) 0.778 −0.86%

(−10,91;6.62)
−1.69%

(−9.11;8.56) 0.806

3.2. Lymphatic-Transport-Related Variable

For this variable, only data of 112 patients could be included. Six patients missed a
lymphofluoroscopic evaluation during follow-up visits, mainly due to COVID-19. Pre-
operative lymphofluoroscopy was normal in all patients. In forty-one patients, an early
disturbance of lymphatic transport at any time point was visualized. Of these 41 patients,
17 patients developed clinical BCRL during the follow-up after 36 months. Additionally,
13 patients developed early disturbance after 1 month, 15 after 3 months, 5 after 6 months,
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6 after 9 months, 1 after 12 months and 1 after 24 months. Twenty-four patients with early
disturbances did not develop clinical BCRL during the follow-up after 36 months. Figure 1
shows an example of a patient who showed early disturbance visualized by lymphofluo-
roscopy after 6 and 9 months; however, at that time point, no clinical BCRL was present.
After 12 months, this patient developed clinical BCRL with a relative volume difference of
8.5%. In the univariate analyses, the presence of early disturbance of lymphatic transport
was a significant predictor for the development of clinical BCRL (p = 0.0052) (Table 3).

Table 3. Univariate analysis of variables.

Variable HR (95% CI) p-Value Number of
Patients

Early disturbance lymphofluoroscopy
versus no early disturbance

lymphofluoroscopy
2.808 (1.362;5.791) 0.0052 112

Demographic and general health-related variables

Age, continuous 1.017 (0.992;1.042) 0.1838 118
BMI, continuous 1.028 (0.970;1.089) 0.3509 118

Treatment on dominant side versus
non-dominant side 0.895 (0.505;1.586) 0.7033 118

Hypertension versus no hypertension 1.219 (0.620;2.395) 0.5658 118
Diabetes versus no diabetes 1.327 (0.321;5.490) 0.6964 118
Hypothyroidism versus no

hypothyroidism 2.070 (0.926;4.626) 0.0762 118

Hyperthyroidism versus no
hyperthyroidism 0.503 (0.069;3.649) 0.4967 118

Chronic heart failure versus no chronic
heart failure 1.277 (0.176;9.282) 0.8091 118

Chronic renal failure versus no chronic
renal failure 2.432 (0.334;17.703) 0.3801 118

Previous injury/infection versus no
previous injury/infection 1.113 (0.399;3.103) 0.8374 118

Physical activity score, continuous 0.768 (0.496;1.191) 0.2385 113

Breast-cancer- and treatment-related variables

Type of cancer 0.4767 118
Tumor stage 1.745 (1.317;2.313) 0.0001 118

BCS versus ME 0.186 (0.067;0.519) 0.0013 118
Number of removed LNs, continuous 1.055 (1.030;1.080) <0.0001 118

Number positive LNs, continuous 1.121 (1.060;1.186) <0.0001 118
Postsurgical complications versus no

postsurgical complications 2.590 (1.286;5.213) 0.0077 118

RT axilla versus no RT axilla 2.715 (1.149;6.416) 0.0228 118
Taxanes versus no taxanes 3.220(1.669;6.210) 0.0005 118

Tamoxifen versus no tamoxifen 0.874 (0.422;1.807) 0.7160 118
AI versus no AI 1.400 (0.726;2.697) 0.3152 118

ALND versus SLNB 15.127 (4.684;48.830) <0.0001 118
HR: hazard ratio; CI: confidence interval; ME: mastectomy; BCS: breast-conserving surgery; LNs: lymph nodes;
RT: radiotherapy; AI: aromatase inhibitor; ALND: axillary lymph node dissection; SLNB: sentinel lymph node
biopsy; HR >(<) 1: higher (lower) risk with increasing predictor level/for first-category; categorical variables with
>2 levels: the global p-value is given.
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Figure 1. Lymphofluoroscopy of a patient with early disturbance 6, 9 and 12 months postoperatively
and with development of lymphedema 12 months postoperatively.

3.3. Demographic and General Health-Related Variables

In this analysis, age and BMI did not significantly differ between the groups with and
without clinical lymphedema (p = 0.1838 and p = 0.3509, respectively; Table 3).

Univariate analysis showed that general health-related variables such as diabetes,
hypertension, hypothyroidism, hyperthyroidism, chronic heart failure, chronic renal failure
and previous injury/infection did not significantly differ between the two groups (Table 3).
Dominance was not found to be a risk factor for the development of clinical lymphedema
in this study. The physical activity score before surgery, which was assessed in 113 patients
(data from 5 patients were missing), did not significantly differ between the two groups
(p = 0.2385).

3.4. Breast-Cancer- and Treatment-Related Variables

Regarding the data from the pathology reports (Table 3), the type of cancer was not a
risk factor for the development of clinical BCRL. Patients with a higher tumor stage were
more prone to develop clinical BCRL (p = 0.0001) than patients with a lower tumor stage,
and patients who underwent a mastectomy (70%) had a higher risk of development of
BCRL than patients who underwent a breast-conserving surgery (30%) (p = 0.0013). The
number of removed lymph nodes, as well as the number of positive lymph nodes, was
differed significantly in the group with clinical BCRL compared to the group without (both
p < 0.0001). The extent of lymph node dissection (ALND versus SLNB) also significantly
differed between the two groups (p < 0.0001). Postsurgical complications such as infection
were also more present in the group with clinical BCRL (compared to the group without
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BCRL) (p = 0.0077). Lymphedema was more likely to occur in patients who received
adjuvant taxanes (p = 0.0005) and radiotherapy of the axilla (p = 0.0228). Hormone therapy
(tamoxifen and aromatase inhibitors) did not differ significantly between the two groups.

3.5. Multivariate Analysis

After multivariate analysis, the following variables were positively associated with
BCRL: higher age and receiving ALND (vs SNB) (Table 4). The remaining variables did not
have additional prognostic value.

Table 4. Multivariate analysis of variables.

Variable Test HR (95% CI) p-Value Number of
Patients

ALND ALND vs. SLNB 19.958 (6.108;65.217) <0.0001 118
Age +1 year 1.038 (1.015;1.062) 0.0011 118

ALND: axillary lymph node dissection; SLNB: sentinel lymph node biopsy; HR: hazard ratio; CI: confidence
interval; HR >(<) 1: higher (lower) risk with increasing predictor level/for the first category.

4. Discussion

This is the first trial investigating the role of early disturbance of lymphatic transport
in the development of BCRL.

4.1. Lymphatic-Transport-Related Variable Associated with BCRL

In this study, early disturbance was visible in 41 of the 112 patients (36.61%). Our data
showed that early disturbance visualized by lymphofluoroscopy is a risk factor for the
development of BCRL. However, early disturbance visualized by lymphofluoroscopy was
not withheld as an independent risk factor in the multivariate analysis.

Twenty-four patients with early disturbance did not develop clinical BCRL within the
36 months of follow-up. It is possible that some of these patients will develop clinical BCRL
in a later time. Another possible reason is that this early disturbance is a way to reroute
the lymphatic flow, not necessarily resulting in clinical BCRL but merely in subclinical
BCRL. Subclinical lymphedema is difficult to assess with other clinical measurements tool
according to our previous study [25] and the study by Jørgensen [26]. Some patients had
disturbances visualized by lymphofluoroscopy, but no volume differences were present.

Akita et al. investigated the presence of dermal backflow in 189 patients who under-
went breast cancer surgery (ALND and SLNB). A total of 50 of 196 arms (25.5%) showed
an abnormal pattern within the first year after breast cancer treatment, and no significant
change in volume was seen before the presence of disturbance visualized by lymphofluo-
roscopy [27].

In a recent study, Liu performed a retrospective analysis of 179 patients. In this study,
lymphatic disorder visualized by ICG lymphofluoroscopy was withheld as a risk factor
for BCRL [28]. However, this risk factor was not analyzed in the multivariate analysis,
and no baseline data were used. Another study that included only patients who received
ALND and regional nodal radiotherapy concluded that BCRL can be predicted by ICG
lymphofluoroscopic findings, enabling an early start of treatment [29]. The follow-up of
this study was 18 months, and no univariate analysis was performed; however, accuracy,
sensitivity and specificity of lymphofluoroscopy for BCRL were calculated.

To date, other imaging techniques such as lymphoscintigraphy have not been able to
detect early disturbance [30,31].

4.2. Demographic and General Health-Related Variables Associated with Clinical BCRL

Demographics such as BMI showed no significance in our study, as confirmed in
several other studies [32,33]. Our data did show that there was an HR > 1, so a higher BMI
is associated with a higher risk for the development of BCRL. In a systematic review by
DiSipio [2], a high BMI was identified as a risk factor with a high level of evidence. One
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of the difficulties in analyzing the data is that in different studies, different variables are
used. BMI is sometimes used as a continuous variable and sometimes grouped in different
categories. Other variables such as age, education and employment status were weak or
inconclusive according to a review by DiSipio [2]. In our study, age was not a risk factor
in the univariate analysis, although in the multivariate analysis, age was withheld as an
independent risk factor, so its effect was concealed in the univariate analysis.

General health-related variables such as diabetes, thyroidism, hypertension and previ-
ous injury/infection have been investigated in different studies but were not identified as
significant risk factors [34–37].

Recent studies have demonstrated that by activating the muscle pump through exer-
cise, lymphatic transport is promoted. [38] Baumann et al. [39] also reported that exercise
might also have a preventive effect on the development of lymphedema. In this study.
we could not find an association between a low preoperative physical activity level and
the development of lymphedema. This finding is similar to those reported by other au-
thors [40,41]. According to the review by DiSipio, there is a moderate level of evidence that
not participating in regular physical activity is a possible risk factor for the development of
BCRL [2].

4.3. Breast-Cancer- and Treatment-Related Variables Associated with Clinical BCRL

More invasive surgical procedures are more prone to result in the development of
clinical BCRL than less invasive procedures such as breast-conserving treatment. The reason
for this is not totally clear, but the fact that more advanced cancer requires more invasive
treatment such as a mastectomy combined with an ALND may explain this phenomenon,
as confirmed in other studies [19]. ALND and a higher number of removed lymph nodes
were identified as important risk factors in this study. The severity of the cancer can also
be expressed as a higher tumor stage, which was also confirmed as a risk factor for the
development of lymphedema. Therefore, patients with more advanced breast cancer have
the highest risk of developing clinical lymphedema. Three out of the forty-seven patients
(6.38%) who underwent sentinel lymph node biopsy developed clinical lymphedema, in
accordance with the review by DiSipio, who reported 5.6% [2].

Postsurgical complications such as seroma were significantly different between the
two groups in the current study. Other studies have identified the duration of the seroma as
an important risk factor [42–44]. However, postsurgical infection is most often reported as
a risk factor for the development of BCRL [15,45,46]. Prevention of postoperative seromas
and infections remains an important issue, and further research is needed [47].

Radiotherapy of the axilla was seen as a risk factor. Other studies examining the effect
of radiotherapy on the development of lymphedema, specifically radiotherapy of the axilla,
confirm this [48,49]. Radiotherapy not only blocks the lymph vessels but also compresses
them by radiation fibrosis. Radiation of the axilla is indicated if a patient has ≥ 4 positive
lymph nodes with capsule breakthrough, if the tumor is left in the axilla and if not enough
lymph nodes are removed during ALND (<6 LN). Therefore, the number of positive lymph
nodes is also related to the development of BCRL, again confirming that patients with more
advanced cancers are at the greatest risk. Another indication for radiotherapy of the axilla
is one or two positive lymph nodes after SLNB. The AMAROS trial found significant less
lymphedema in the radiotherapy and SLNB group versus the ALND group [50].

Chemotherapy is mentioned as a risk factor in several studies, specifically taxanes [51–53].
In a study by Cariati [52], women receiving taxanes in the adjuvant setting were nearly twice
as likely to develop BCRL as patients receiving non-taxane-based adjuvant chemotherapy,
although this did not reach statistical significance.

Hormone therapy was not identified as a risk factor for the development of BCRL, in
line with different studies investigating this phenomenon [43,54,55].
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4.4. Strenghts and Limitations

A strength of this study is the prospective design, as preoperative and postoperative
data of 118 patients were included in this trial. Another strength is the follow-up time of 36
months. A clear and up-to-date definition of BCRL and early disturbance was used.

A limitation of this study is that the physical activity score was assessed at baseline
and not at the follow-up points. The physical activity score could have been diminished
at a later time point, especially in patients who still needed chemotherapy and/or radio-
therapy, or could have been increased if patients participated in an exercise program to
reduce chemo symptoms. Other variables such as BMI may have also changed during the
postoperative phase.

4.5. Clinical Implications

A previous study [25] analyzed the agreement between early disturbance visualized
by lymphofluoroscopy and other widely used clinical assessment tools. None of the clinical
assessment tools could predict early disturbance visualized by lymphofluoroscopy. This
study shows that early disturbance visualized by lymphofluoroscopy is a risk factor for
the development of BCRL. Screening high-risk patients (e.g., ALND and higher age) with
lymphofluoroscopy will make it possible to start treatment before clinical lymphedema
is present.

5. Conclusions

In this prospective study, 39.8% of the 118 patients developed clinical BCRL after a
follow-up of 36 months. Early disturbance visualized by lymphofluoroscopy is a risk factor
for the development of BCRL. However, the major predictive factors in the whole group
of breast cancer patients (who received treatment with ALND or SNB) are ALND and a
higher age. Surveillance of this group of patients with lymphofluoroscopy on a regular
basis during the postoperative follow-up period could prevent clinical BCRL.
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