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Abstract

Background: Lymphedema is a common complication of breast cancer or its treat-
ment. The gold standard treatment for lymphedema is complete decongestive ther-
apy. There are few studies about the predictive factors for the effectiveness of
complete decongestive therapy.

Aim: To evaluate the results of the intensive phase of complete decongestive ther-
apy, and to determine the predictive factors for the response to treatment in patients
with breast cancer-related lymphedema.

Methods and Results: Fifty-seven patients with breast cancer-related lymphedema
(mean age: 56.2 + 11.2 years) who underwent complete decongestive therapy
between 2014 and 2016 were evaluated retrospectively. Extremity volume was cal-
culated using circumferential measurements and the truncated cone formula tech-
nique. Response to treatment was evaluated using the percentage reduction of
excess volume formula, which was obtained by calculating the extremity volume
before and after treatment. The median percentage reduction of excess volume was
27.7% (IQR,13.6-50.3). The history of skin infection was related to lower percentage
reduction of excess volume (P = 0.001). Although percentage reduction of excess vol-
ume was positively correlated with education level (r = 0.286, P = 0.031), percentage
reduction of excess volume was negatively correlated with lymphedema duration
(r=—0.361, P = 0.006), postoperative duration (r = —0.314, P = 0.018), percentage of
excess volume (r = —0.398, P = 0.002), and number of complete decongestive therapy
sessions (r = —0.436, P = 0.001). Univariate and multivariate analyses showed that
the independent variables for percentage reduction of excess volume were percent-
age of excess volume (P = 0.009) and education level (P = 0.021).

Conclusion: Complete decongestive therapy is an effective method in patients with
breast cancer related-lymphedema. The most important predictive factors for the
efficacy of treatment were found as percentage of excess volume and education
level. Patients with breast cancer should be followed up regularly and receive com-

plete decongestive therapy in the early stage of lymphedema.
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1 | INTRODUCTION

Lymphedema is a soft tissue swelling resulting from the accumulation
of protein rich fluid in the extracellular spaces . It is a common com-
plication of breast cancer or its treatment 2*°. Breast cancer-related
lymphedema (BCRL) treatment involves physiotherapy, medical, surgi-
cal, and palliative care methods ¢. The gold standard treatment for
lymphedema is complete decongestive therapy (CDT)- 3. This
method consists of two phases: the intensive and maintenance phases
78 The components of intensive phase are skin care, manual lym-
phatic drainage (MLD), multiple-layer short-stretch bandaging, and
remedial exercises *771° The aims of the phase 2 are to conserve
the results obtained in phase 1 7.

Numerous studies reported that CDT was an effective treatment
method for BCRL 2#¢91112 | contrast, there are few studies about
the predictive factors for the effectiveness of treatment °°%¢
Predicting the response to CDT and identifying factors that affect the
efficacy of treatment could provide physicians a better clinical per-
spective on the management of BCRL treatment. The aim of this
study was to evaluate the results of the intensive phase of CDT and
to determine the predictive factors, including clinical and demographic
features, breast cancer and treatment characteristics, and lymph-
edema and treatment characteristics of the response to treatment in
patients with BCRL.

2 | METHODS

21 | Study population
The records of patients with BCRL who were treated in a single center
between March 2014 and June 2016 were reviewed retrospectively.
Ethics approval for the study was granted by the local Clinical
Research Ethics Committee. Written informed consent was obtained
from all patients. The patients, who were aged at least 18 years and
had unilateral BCRL, were included in the study. The exclusion criteria
were inadequate cognitive function, acute asthma, noncontrolled
hypertension, decompensated heart failure, pregnancy, deep vein
thrombosis, artery occlusion, active skin infection (erysipelas/
cellulitis/lymphangitis), malignancy without treatment, and skin and/or
subcutaneous malignancy. Sixty-one patients with BCRL were treated
with CDT. Two patients ceased the treatment at their request, one
patient could not complete the treatment due to skin infection devel-
opment, and one patient was excluded because of bilateral lymph-
edema. As a result, 57 female patients met our criteria.

The diagnosis of lymphedema was based on the circumferential

technique and truncated cone formula. Lymphedema was defined as

when the difference was at least 2 cm and the percentage of excess
volume (PEV) was more than 5% between the upper extremities
13,17»19’

The patients' clinical and demographic variables (age, height,
weight, occupation, education level, history of skin infection, breast
cancer, and treatment characteristics [eg, date of surgery, type of
surgery, number of positive and removed nodes, pathologic diagnosis,
histologic grade of tumor, radiotherapy, chemotherapy,
hormonotherapy]), complications (eg, shoulder pain, range of motion
limitation of the shoulder, axillary web syndrome, cervical pain,
myofascial pain, numbness, heaviness and tightness, pain, and weak-
ness in the upper extremity), lymphedema characteristics (eg,
lymphedematous extremity side, duration, and stage of lymphedema),
and sessions of CDT were noted. Body mass index (BMI) was calcu-
lated as weight/height? (kg/m?). Patients whose BMI was under
18.50 kg/m? were considered as underweight, 18.50 to 24.99 kg/m?
were defined as a normal weight, 25.00 to 29.99 kg/m? were consid-
ered as pre-obese, and >30.00 kg/m? were defined as obese according
to World Health Organization criteria 2°. Lymphedema stage was
recorded according to the criteria of International Society of
Lymphology . Stage O is the subclinical phase, stage 1 signifies that
tissue swelling diminishes with limb elevation, stage 2 means that the
limb elevation alone is mostly inadequate for reducing swelling, and
stage 3 encompasses lymphostatic elephantiasis 7.

The volumes of both extremities were measured prior to treat-
ment; the affected arm was also measured at the end of the CDT.
After both extremities were measured from the wrist to the top of the
arm (axillary fold) at 4-cm intervals, extremity volumes were calculated

using the truncated cone formula.
V=h (c12 +C1C2+ c22) /12

(where V = extremity volume, h = height, C1 = circumference of the
top of the cone, C2 = circumference of the base of the cone) >*>2123,

The concurrent validity of this method was studied by Karges
et al, and they reported that the reliability of the calculated volume
measurements was comparable to the reliability of the water displace-
ment volume measurements 24,

Excess volume was defined as the difference between the
lymphedematous limb volume before treatment (VL) and the healthy
limb volume (VH) °. The percentage excess volume (PEV) was calcu-

lated with the formula as follows:

PEV = 100%x (VL-VH)/VH (3,13,15,17,25).

It is reported that PEV was better for defining lymphedema sever-

ity than absolute volume difference 2. Response to treatment was
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evaluated using the percentage reduction of excess volume (PREV)
formula:
PREV = 100% x (lymphedematous limb volume before treatment-

lymphedematous limb after treatment) / (VL-VH) 123,

22 |
therapy

Intensive phase of complete decongestive

All patients were treated with CDT by a physiotherapist, who was
specifically trained in lymphedema, five times per week, until the
maximum volume reduction was achieved, as previously reported .
The intensive phase of CDT involved MLD, multiple-layer short-
stretch bandaging, skin care, and remedial exercises, in accordance
with the recommendations of the International Society of
Lymphology . The patients received MLD, which is a light manual
massage technique for 45 minutes per session 6. The aim of MLD
was referring the accumulated fluid to unaffected lymphatics, stim-
ulating initial lymphatics, enhancing the superficial lymphatic con-
tractions, and opening the inactive lymphatic anastomosis 1°2°.
Multiple-layer short-stretch bandaging was applied after MLD to
prevent the re-accumulation of fluid in the lymphedematous
extremity and to benefit from the muscle pump effect until the fol-
lowing day during the intensive phase of CDT. The characteristics
of the short stretch bandages were high working pressure and low
resting pressure 12°. Active, repetitive, and nonresistive exercises
of the lymphedematous arm after bandaging were performed to
the patients to increase fluid mobilization and enhance the muscle
pump effect 826, All patients were informed about skin care, which
included skin cleaning, moisturizing, nail care, avoiding skin cuts,
burns and insect bites, and preventing exposure to abrasive chemi-

cal products 82627,

In addition, weight control was suggested to
the patients. After the maximum volume reduction was achieved,
the maintenance phase was begun with due attention by the

1

patients and their families *. In addition, the self-massage tech-

nique was taught to patients and/or their caregivers.

2.3 | Statistical analysis

The results of the descriptive analysis are presented as mean * stan-
dard deviation (SD) for data with normal distribution, median (inter-
quartile range [IQR]) for data with non-normal distribution, and
number of cases with (%) for nominal variables. The Mann-Whitney U
test was used to compare the differences between two independent
groups for non-normally distributed variables. The Kruskal-Wallis test
was used for the comparison of the medians of variables among more
than two independent groups. The Wilcoxon test was applied to com-
pare the extremity volumes before and after CDT. While investigating
the associations between non-normally distributed or ordinal vari-
ables, correlation coefficients and their significance were calculated
using the Spearman correlation test. In order to determine the final

predictive factors of PREV, univariate and multivariate linear

regression analyses were used. Data analyses were performed using
the SPSS-version 11.5 for Windows (SPSS Inc., Chicago, IL) statistical
software. The statistical significance level was set at 0.05.

3 | RESULTS

A total of 57 patients with BCRL who received CDT were included in
the study. The clinical and demographic characteristics, breast cancer
and treatment characteristics, and lymphedema treatment characteris-
tics are presented in Table 1.

The median volume of the affected arm was 3449 mL (IQR,
2932-3922), and the median PEV was 22.6% (IQR, 15.1-39.9) before
CDT. The median lymphedematous limb volume reduced to 3173 mL
(IQR, 2750-3693), which was statistically significant, after 15 (IQR,
14.0-17.0) sessions of intensive phase of CDT (P < 0.001). The median
PREV was 27.7% (IQR, 13.6-50.3).

PEV was positively correlated with lymphedema duration
(r = 0.282, P = 0.034), postoperative duration (r = 0.265,
P = 0.048), lymphedema stage (r = 0.567, P < 0.001), and number
of CDT sessions (r = 0.423, P = 0.001). In contrast, PEV was nega-
tively correlated with PREV (r = —-0.398, P = 0.002). Although
PREV was positively correlated with education level (r = 0.286,
P = 0.031), it was negatively correlated with lymphedema duration
(r = =0.361, P = 0.006), postoperative duration (r = —0.314,
P 0.018), lymphedema stage (r = -0.370, P = 0.005), PEV
(r = -0.398, P = 0.002), and the number of CDT sessions
(r = —0.436, P = 0.001). Age, BMI, the number of removed lymph
nodes, and the number of positive lymph nodes were not corre-
lated with PEV and PREV. The clinical and demographic character-
istics and their correlation with PEV and PREV are presented in
Table 2.

The history of skin infection was related to the greater lymph-
edema severity (PEV) (P = 0.003) and also related to worse CDT effi-
cacy (PREV) (P = 0.001). In contrast, there was no correlation between
the number of skin infection and PEV (P = 0.950) or PREV (P = 0.831).
While a history of chemotherapy was not related to PEV (P = 0.632),
but was related to higher PREV (P = 0.007). Occupation, the affected
extremity side, the range of motion limitation, pain, heaviness and

tightness or numbness in the affected extremity, mastectomy vs
breast-conserving surgery, radiotherapy, hormonotherapy, cancer
grade, and pathologic diagnosis were not related with PEV and PREV.
Due to only one patient undergoing sentinel lymph node biopsy
(SLNB), the efficacy of CDT in patients with SLNB and axillary lymph
node dissection (ALND) were not compared. The clinical and demo-
graphic characteristics affecting PEV and PREV are presented in
Table 3.

Univariate analysis showed that the education level (P = 0.014),
history of skin infection (P = 0.015), stage of lymphedema (P = 0.002),
PEV (P = 0.006), and excess volume (P = 0.025) were independent var-
iables for PREV (Table 4). However, PEV (P = 0.009) and education
level (P = 0.021) were the only predictive variables for CDT efficacy in

multivariate linear regression analysis (R? = 0.183) (Table 5).
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Patient characteristics
Clinical and demografic variables
Number of patients 57
Age (meantSD) 56.2+11.2
Housewife 39 (68.4%)
Occupation (%) Working 8 (14%)
Retired 10 (17.5%)
Illiterate 10 (17.5%)
Education level (%) Primary school 18 (31.6%)
Secondary school 7 (12.3%)
High School 7 (12.3%)
University 15 (26.3%)
BMI (mean#SD) 30.5 +5.03
Underweight (BM1<18.50) 1(1.8%)
BMI classification (%) Normal range (BMI=18.50-24.99) | 6 (10.5%)
Pre-obese (BMI=25.00-29.99) 17 (29.8%)
Obese (BMI>30.00) 33 (57.9%)
Affected extremity side (%) Right 25 (43.9%)
Left 32 (56.1%)
Lymphedema stage (%) Stage 1 10 (17.5%)
Stage 2 43 (75.4%)
Stage 3 4 (7%)
Lymphedema duration (month) median (IQR) 18 (IQR, 6.0-51.5)
Post-operative duration (month) median (IQR) 40 (IQR, 24.0-96.0)
History of skin infection(%) Yes 17 (29.8%)
No 40 (70.2%)
History of hospitalization due to skin infection Yes 8 (14%)
No 49 (86%)
Breast cancer and treatment characteristics
Nonsurgical treatment (%) Radiotherapy 49 (86%)
Chemotherapy 52 (91.2%)
Hormonotherapy 38 (66.7%)
Type of surgery (%) Modified radical mastectomy 44 (78.6%)
Breast conserving surgery 12 (21.4%)
ALND 55 (98.2%)
SLNB 1(1.8%)
Pathologic diagnosis (%) Invasive ductal carcinoma 35 (61.4%)
Invasive lobular carcinoma 2 (3.5%)
Ductal carcinoma in situ 4 (7.0%)
Missing 16 (28.1%)
Histologic grade of tumor (%) Grade 1 1(1.8%)
Grade 2 15 (26.3 %)
Grade 3 21 (36.8%)
Missing 20 (35.1%)
Number of removed lymph node (meanzSD) 20.28.7
Number of positive lymph node median (IQR) 2.5 (IQR, 1.0-9.8)
Lymphedema treatment characteristics
Lymphedematous arm volume before CDT (mL), median (IQR) 3449 (IQR, 2932-3922) =
P<0.001

Lymphedematous arm volume after CDT (mL), median (IQR)

3173 (IQR, 2750-3693) |

]..

Excess volume (mL), median (IQR)

617 (IQR, 419-1064)

PEV, median (IQR)

22.6% (IQR, 15.1-39.9)

PREV, median (IQR)

27.7% (IQR, 13.6-50.3)

Number of CDT session, median (IQR)

15 (IQR, 14.0-17.0)

Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index; CDT, complete decongestive therapy; IQR, interquartile range; PEV,
percentage of excess volume; PREV, percentage reduction of excess volume; SD, standard deviation; SLNB, sentinel lymph node biopsy.
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4 | DISCUSSION
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TABLE 3 Factors associated with PEV and PREV
PEV PREV
Median IQR P Median IQR P
Occupation Housewife 22.40 15.5-40.1 26.92 13.5-49.8
Working 22.20 14.0-32.8 0.938 34.89 20.3-101.2 0.609
Retired 26.10 14.1-38.8 32.97 8.9-47.6
Affected extremity Right 21.10 12.5-43.5 0.579 27.85 16.4-44.3 0.910
Left 25.30 17.0-39.1 26.59 12.4-52.8
History of skin infection Yes 39.80 22.9-49.5 0.003** 13.50 8.8-24.3 0.001**
No 19.85 12.2-31.9 34.80 22.3-56.2
Type of surgery MRM 22.80 14.9-43.1 0.690 27.39 11.9-49.3 0.632
BCS 21.85 13.9-31.5 26.42 20.9-52.8
Pathologic diagnosis IDC 23.20 12.8-36.6 27.72 14.7-53.8
ILC 11.75 5.5-.... 0.131 39.29 20.1- ... 0.788
DCIS 33.65 20.6-44.9 17.59 10.2-55.8
Radiotherapy Yes 23.20 17.0-42.1 0.071 26.92 13.6-48.8 0.848
No 14.35 10.0-26.7 28.03 11.3-54.1
Chemotherapy Yes 22.50 15.6-39.0 0.632 28.19 19.0-53.0 0.007**
No 27.40 13.3-55.8 7.79 4.5-20.6
Hormonotherapy Yes 22.90 14.2-34.8 0.483 28.19 18.5-51.5 0.426
No 30.00 15.6-44.2 21.18 12.4-53.1
Heaviness and tightness Yes 22.80 14.9-43.1 0.887 25.68 12.4-50.5 0.209
No 22.60 14.9-33.6 37.73 22.5-53.1
Numbness Yes 23.20 16.0-39.9 0.845 27.72 13.5-47.8 0.948
No 22.25 12.8-39.9 27.57 13.3-53.9
Limitation of ROM Yes 27.90 17.0-40.1 0.446 23.30 12.1-49.8 0.456
No 21.75 12.8-34.9 28.03 17.9-51.6
Extremity pain Yes 20.55 9.6-35.7 0.181 27.05 14.4-55.0 0.724
No 23.20 17.0-44.1 27.72 13.2-44.6

Abbreviations: BCS, breast conserving surgery; DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IQR,
interquartile range; MRM, modified radical mastectomy; PEV, percentage of excess volume; PREV, percentage reduction of excess volume; ROM, range of

motion.

Due to the decrease of lymphatic capacity with age, lymphedema
risk might be greater in older patients 3°. However, the relationship
with age and the occurrence of lymphedema or efficacy of CDT are
still controversial #>3%4 In this study, age was not found as a predic-
tive factor for lymphedema severity or CDT efficacy.

Even though previous studies demonstrated that ALND, lymph
node metastasis, radiotherapy, higher cancer grade, a high number of
positive lymph nodes, and adjuvant chemotherapy were risk factors
for development or severity of lymphedema, these results could not
be supported in our study >3, This may have been caused by the
unavailability of medical reports and pathology reports of all patients
due to their undergoing surgery at different hospitals. The efficacy of
CDT in patients who underwent ALND and SLNB could not be com-
pared, because only one patient had SLNB. Current study showed
that surgical method, radiotherapy, and the number of removed lymph
nodes were not associated with CDT efficacy, which was confirmed

by Liao et al 3. While Eyigor et al found similar results to our study;

they also added that tamoxifen use was positively correlated with
PEV '*. In contrast, hormonotherapy was not a predictor in the cur-
rent study. Vignes et al noted that lymphedema volume was greater in
patients who underwent mastectomy versus lumpectomy °. Forner-
Cordero et al demonstrated that the efficacy of treatment was worse
in patients who received chemotherapy °. Interestingly the response
to treatment was found better in patients with a history of chemo-
therapy in our study, but it was excluded in linear regression analysis.
The reason of these findings could be that 91.2% of the participants
had received chemotherapy in this study. Further studies with large
patient populations may enlighten the relationship between chemo-
therapy and the response to treatment.

Previous studies showed that obesity was a risk factor for devel-

oping lymphedema and lymphedema severity 2%°32,

Moreover,
Vignes et al conducted a prospective cohort study to determine pre-
dictors for CDT efficacy *°. They found that BMI and duration of

lymphedema were predictive for absolute volume reduction with
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TABLE 4 Univariate analysis of factors associated with PREV

B 95% Cl P
Education level 7.884 1.687-14.080 0.014*
History of skin —25.130 (-45.222)-(-5.038) 0.015*
infection
Stage of lymphedema —-29.845 (-48.185)-(-11.504) 0.002**
PEV -0.744 (-1.263)-(—0.225) 0.006
o
Excess volume -0.019 (-0.035)-(—0.003) 0.025 *
Age —-0.640 (—1.495)-(0.216) 0.140
Lymphedema -0.120 (—0.288)-(0.048) 0.159
duration
Postoperative —-0.106 (-0.239)-(0.027) 0.116
duration
Chemotherapy 27.876 (-5.587)-(61.338) 0.101
VL -0.007 (—0.017)-(0.004) 0.196

Abbreviations: PEV, percentage of excess volume; PREV, percentage
reduction of excess volume; VL, lymphedematous limb volume before
CDT.

TABLE 5 Multivariate analysis of factors associated with PREV
B Standard Error P
Education level 6.999 2.946 0.021*
PEV -0.678 0.250 0.009**

Abbreviations: PEV, percentage of excess volume; PREV, percentage
reduction of excess volume.

CDT. Also, they stated that other clinical variables or characteristics of
cancer treatment did not indicate the efficacy of CDT *°. Our results
were unable to support the relationship between BMI and lymph-
edema severity or efficacy. Because the majority of participants were
pre-obese and obese, which might account for the lack of statistical
significance in the current study. Therefore, further studies that
involve BMI with normal distribution may give a better point of view
for the effect of obesity on treatment response. All patients with
lymphedema should be informed about weight control and be referred
to a dietitian if required.

Although, there was no relationship between occupation and PEV
or PREV, academic education level was found as an independent vari-
able for response to treatment in our study. To the best of our knowl-
edge, the effect of education level on the efficacy of CDT has not
been reported previously. A higher education level may provide a bet-
ter understanding of recommendations, skin care, and exercises. Fur-
ther studies with a larger sample sizes are needed to support the
effect of education level on the response to CDT.

Infection and adipogenesis are risk factors for exacerbating
lymphedema 2. Lymphedema severity was greater, and the efficacy
of CDT was worse in patients who had a history of skin infection in
the present study. Although history of infection was an independent
variable in the univariate analysis, it was excluded in the multivariate

analysis. Furthermore, the number of skin infections was not a

predictor for PEV or PREV. Similarly, Vignes et al demonstrated that
lymphedema volume was higher in patients with a history of cellulitis
5. To the best of our knowledge, the effect of skin infection history on
the response to CDT has not been reported before. Although history
of infection was excluded in the multivariate analysis in the current
study, skin care, preventing patients from getting skin infections, and
effective infection treatment when required are very important for
avoiding the vicious cycle between lymphedema and infection. CDT in
the early stage may reduce the risk of skin infection. In addition,
preventing patients from getting infections might provide better
lymphedema control and greater efficacy of CDT. The limitations of
this study are that it was a retrospective cohort study, and not all the
medical reports of all participants were available.

In conclusion, the intensive phase of CDT is an effective method
in patients with BCRL. Also the most important predictive factors are
the percentage of excess volume and education level for the intensive
phase of CDT efficacy, according to our study.
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