
ORIGINAL ARTICLE

Effectiveness and safety of a product containing diosmin, coumarin,
and arbutin (Linfadren®) in addition to complex decongestive therapy
on management of breast cancer-related lymphedema

Angelo Cacchio1,2,3
& Rosa Prencipe4

& Marina Bertone3
& Luciana De Benedictis3 & Luciano Taglieri3 & Erika D’Elia3 &

Cesidia Centoletti4 & Giancarlo Di Carlo1

Received: 2 May 2018 /Accepted: 12 October 2018 /Published online: 20 October 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Purpose To assess the effectiveness and safety of a product containing diosmin, coumarin, and arbutin (Linfadren®) in addition
to complex decongestive therapy (CDT) on the management of patients with a breast cancer-related lymphedema (BCRL).
Methods Fifty outpatients (average age of 56.2 ± 2.7 years, range 28–71) with a BCRLwere enrolled for this study. Patients were
randomly assigned (1:1 ratio) to receive either CDT consisting of skin care, manual lymphatic drainage, remedial exercises, and
elastic compression garment (control group, n = 25) or CDT plus Linfadren® (study group, n = 25). Patients were evaluated
before and after treatment and 3months after the end of treatment. Primary outcomeswere reduction of upper limb excess volume
(EV) and percentage reduction of excess volume (%REV). Secondary outcomes were improvement in Quick Disabilities of the
Arm, Shoulder, and Hand (QuickDASH) questionnaire, and patient’s perception of treatment effectiveness (PPTE).
Results Addition of Linfadren® to CDTyielded an additional reduction of primary outcomes both after treatment (EV, − 521 ml
vs. − 256 ml, P < 0.0001; %REV, − 66.4% vs. − 34%, P = 0.02) and at 3-month follow-up (EV, − 59 ml vs. + 24 ml, P < 0.0001;
%REV, − 73.6% vs. − 31.4%, P = 0.004). Moreover, statistically significant differences were found between the two groups for
the secondary outcomes after treatment (QuickDASH, P = 0.006; PPTE, P = 0.03) and at 3-month follow-up (QuickDASH, P =
0.006; PPTE, P = 0.02). No patient showed adverse events.
Conclusions Linfadren® in addition to CDTwas a safe and effective therapy for reducing BCRL and was better than CDTalone.
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Introduction

Breast cancer-related lymphedema (BCRL) is a common
complication after surgery for breast cancer [1, 2].

BCRL develops due to interruption of the axillary lym-
phatic system, leading to regional or generalized accumu-
lation of lymph fluid in the interstitial space of the upper
limb [3, 4]. The incidence of BCRL rises from 3 to 15%
after sentinel node biopsy, to 10–20% after complete axil-
lary dissection, and 30–50% with subsequent radiotherapy
[5, 6].

BCRL can cause physical impairments, psychological dis-
tress, and suboptimal health-related quality of life [4, 7].
Consequently, appropriate treatments are important for reduc-
ing these complications. Complex decongestive therapy
(CDT), which is a two-phase program, is considered the best
practice in the management of lymphedema [8, 9].
Nevertheless, CDT often produces inconsistent limb volume
reduction [10, 11], is time consuming, and costly, and its suc-
cess is dependent upon trained and experienced therapists
[12], and compliance of patients is not always optimal, partic-
ularly for the self-administered phase 2 of treatment [13].
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Moreover, CDT interventions primarily remove fluid conges-
tion from the tissues, without completely reducing the concen-
tration of proteins in the interstitium. [14]. The persistence of a
high concentration of proteins in the interstitium maintains
high oncotic pressure, which creates a vicious circle with an
incomplete resolution of lymphedema [14].

Therefore, a pharmacological treatment that could reduce
the stagnant protein excess and fluid congestion from the in-
terstitium, improving and helping to maintain the results ob-
tained with CDT, it should be of interest in the management of
BCRL [14, 15].

Benzopyrones (e.g., diosmin and coumarin) are a group of
drugs that have been found to be successful in treating lymph-
edema [14–22], particularly when combined with CDT [16,
18, 21]. Their use in the treatment of a high-protein chronic
edema such as lymphedema has the advantage of acting not
only on the fluid component of lymphedema but also on the
excess interstitial proteins, whose removal occurs by increas-
ing proteolysis by macrophages. The removal of the excess
interstitial proteins will lead to further and longer lasting re-
duction of lymphedema. In the same manner, inflammation
and consequent fibrotic transformations, as well as possible
bacterial infections, will be reduced. [14].

Although benzopyrones have been acknowledged as a po-
tential component of the multidisciplinary, therapeutic ap-
proach to treating patients with BCRL [23], a recent review
failed to establish any conclusions due to the poor quality of
the analyzed trials [24], suggesting that there is a need to
conduct randomized clinical trials on this topic.

Accordingly, we undertook this clinical study to investigate
the effectiveness and safety of a mixture of 200 mg of
diosmin, 30.6 mg of coumarin, and 3.7 mg of arbutin, com-
mercialized in Italy with the name of Linfadren® (OMEGA
PHARMA Srl, Cantù (CO), Italy), when used in addition to
CDT in patients with BCRL.

Materials and methods

Study design

This prospective, pragmatic, open-label, randomized, active-
controlled, and assessor- and statistician-blinded clinical study
was carried out in an outpatient rehabilitation center. The
study was approved by the local institutional review board
of the University of L’Aquila (Prot. 30262) and was per-
formed according to the Declaration of Helsinki, and the
International Conference on Harmonization Good Clinical
Practice (ICH-GCP) guidelines.

All patients received complete information regarding the
study and gave their written informed consent before entry
into the study.

Subjects

Women aged 18 years and older, who developed stage I to III
BCRL according to the International Society of Lymphology
[25], were eligible for this study. The inclusion criterion was a
confirmed diagnosis of BCRL. Exclusion criteria were: primary
lymphedema; bilateral lymphedema; pulmonary edema; con-
gestive heart failure; history of inflammatory, metabolic, or neu-
ropathic arthropathies; hepatic diseases; bleeding disorders; se-
vere gastrointestinal diseases; the presence of any contraindica-
tions limiting clinical evaluation; and/or the use of the treatment
modalities and/or drugs used in this study tomanage the BCRL.

Among 78 patients with BCRL examined, 21 meet the
exclusion criteria (9 inflammatory arthropathies, 3 congestive
heart failure, 1 syringomyelia with upper limb involvement, 2
pulmonary edema, 4 hepatic diseases, 2 bleeding disorders),
and 7 refused to participate. Therefore, 50 patients (all wom-
en) with an average age of 56.2 ± 2.7 years (range 28–71)
were enrolled in this study.

Patients’ demographic characteristics including age, BMI,
type of surgery, chemotherapy, radiation, time since surgery,
affected upper limb, dominant upper limb side, concomitant
medications, circumference and volume of both upper limbs,
and scheduled patient self-administered questionnaires were
collected at the baseline visit.

Table 1 summarizes demographic data, which were similar
and without statistically significant differences between
groups.

Patients were randomly assigned, using a computer-based
1:1 randomization scheme and sealed envelopes, to receive
either CDT (control group, N = 25) or same CDT plus
Linfadren® (study group, N = 25). A flow chart of the study
is illustrated in Fig. 1.

Patients of both groups were treated in two phases: first
intensive phases, with CDT conducted once a day for 5 days a
week for 2 weeks, and second extensive phase, with compres-
sion garments, remedial exercises, and skin care for 4 weeks.

CDT in our study included skin care, manual lymphatic
drainage, remedial exercises, and compression garments [26]
instead of multi-layer bandaging. Despite its proven effective-
ness, the use of multi-layer bandaging is expensive, requiring
daily bandaging resources, and often is not well tolerated by
patients [27, 28], also worsening the upper limb function [29].
Whereas, compression garments, which have been proven to
be effective in the management of secondary lymphedema
[30], are easy to use, do not interfere with continuing daily
activities, are well tolerated by patients increasing their com-
pliance to treatment [31]. The pressure of garments was cho-
sen on the basis of lymphedema severity [26], expressed as
percentage of excess limb volume [25], as follows: 14–
18 mmHg in mild lymphedema, 20–25 mm/Hg in moderate
and severe lymphedema, 25–30 mmHg in selected cases of
severe lymphedema [26].
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A compression garment was applied after manual lymphat-
ic drainage, before beginning upper limb exercises and main-
tained 23 h/daily.

Manual lymphatic drainage was performed according to
the Vodder’s method [32] for 45min. Remedial exercises were
performed in the following order: warm up by active mobili-
zation of the upper limb joints at a moderate pace for 5 min;
deep abdominal breathing exercise 3–5 times; range of motion
exercises particularly for the shoulder joint for 20 times; de-
congestive exercise for the arm and shoulder, elbow, and wrist
10–15 repetitions of each.

Patients in the study group received the same treatment of
the control group plus an adjunctive supplementation of
Linfadren®. Patients were instructed to consume
Linfadren® without food twice a day (6-hourly: 11 a.m. and
5 p.m.) for 2 weeks, and once a day for 4 weeks. Due to the
pragmatic nature of this study, Linfadren® was prescribed by
physicians and purchased from chemists by patients. To im-
prove adherence in medication intake, we asked patients to
self-compile a daily diary. Moreover, during the first 2 weeks,
the drug intake was reminded to patients during physiotherapy
sessions, while in the following 4 weeks, patients were

periodically contacted by phone [33]. The study procedure
was conducted by trained physiotherapists and a physician
who were not involved in any way in the scheduled assess-
ments of patients, as well as in data elaboration and analysis.

Outcome measures

Patients were assessed before and after the first phase of treat-
ment and 3 months after the end of the first phase of treatment
(follow-up) by an independent treatment–blinded physician.

Primary outcome measures

The primary outcome measures of this study were (1) reduc-
tion of the mean value of excess volume (EV) of the affected
limb (VAL) relative to the unaffected limb (VUL) and calcu-
lated as (VAL −VUL) and (2) percentage reduction of excess
limb volume (%REV) calculated as: %REV = (VAL Post −
VAL Pre)/EV × 100, from before treatment to after treatment
and to the 3-month follow-up period.

All volumes were derived by modified truncated cone meth-
od of circumference measurements on both upper limbs. Upper
limb circumferences were measured using a cloth measuring
tape at four levels in both upper limbs: metacarpophalangeal
joints, wrist joint, 15 cm distal and 10 cm proximal to the lateral
epicondyle. During measurement procedures, patients were
comfortably seatedwith their upper limbs at their sides and their

Table 1 Baseline characteristics of both groups

Characteristics Study group Control group

Patients, no. 25 25

Age, years 56.2 ± 2.9 56.7 ± 2.5

BMI 28.2 ± 3.7 29.6 ± 4.9

Type of surgery

Mastectomy 17 18

Quadrantectomy 8 7

Radiation therapy

Yes/no 17/8 16/9

Chemotherapy

Yes/no 21/4 20/5

Affected side

Dominant/nondominant 14/10 16/9

Duration of lymphedema, months 13 ± 6.5 12 ± 5.7

Lymphedema grade

Grade I/grade II/grade III 2/21/2 3/21/1

Concomitant conditions, no.

Hypertension 2 3

Diabetes type 2 3 3

Depression or anxiety 4 6

Fibromyalgia 2 3

Osteoporosis 3 4

Dyslipidemia 3 2

Osteoarthritis 5 4

Thyroid 2 2

Gastric reflux 1 2

Values are the mean ± SD unless otherwise indicated

Study Group                                           Control Group

78 Assessed for 

Eligibility

21 meet exclusion criteria

7 refused to be enrolled

50 Randomized

25 received Linfadren® + CDT 25 received CDT alone

25 evaluated after the end of 

treatment

25 evaluated after the end of 

treatment

24 evaluated at 3-month follow-up

1 received pneumatic compression 

treatment

23 evaluated at 3-month follow-up

1 received pneumatic compression 

treatment

25 analysed 

based on intention to treat principle

25 analysed

based on intention to treat principle

1 received lymphatic drainage

treatment between end or treatment

and follow-up

1 received lymphatic drainage

treatment between end or treatment

and follow-up

Fig. 1 A flow chart of the study
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elbows straight while the circumference measurements were
taken. Two measurements were taken and their mean was used.
The circumference differences (in centimeters) between the two
upper limbs were calculated at all four levels. The derived final
volume was determined by adding the separate volumes of the
sections together. Every calculation was squared, and then all
measurements for that arm were totaled and divided by π. The
recorded values were used to calculate absolute volume of af-
fected (VAL) and unaffected (VUL) limbs using the following
formula:

V ¼ h C12 þ C1C2−C22
� �

=12π2

where V is the volume of the segment, C1 and C2 are the
circumferences at the ends of the segment, and h is the dis-
tance between them [34, 35].

Secondary outcome measures

The secondary end points were the upper limb disability and
patient self-perceived treatment effectiveness. To evaluate the
upper limb disability, we chose the Quick Disabilities of Arm,
Shoulder and Hand (QuickDASH) questionnaire [36], which
is a valid and reliable instrument for measurement of upper
limb disability in breast cancer survivors [37]. It consists of 11
core items designed to measure physical function, symptoms
and social function, and 2 optional items (musical or sports
performance and work), which generate a disability score,
ranging from 0 (no disability) to 100 (severe disability) [36,
37].

To evaluate patient self-perceived treatment effectiveness,
a 5-point Likert scale ranging from Bextremely effective^ to
Bnot at all effective^ was chosen. Success rates were calculat-
ed by dichotomizing responses. Patients who referred to treat-
ment effectiveness as Bextremely effective^ or Bvery
effective^ were counted as successes, whereas patients who
referred to treatment effectiveness as Bsomewhat effective,^
Bpoorly effective,^ or Bnot at all effective^ were counted as
failures.

Tolerability of Linfadren®

To evaluate the tolerability of the Linfadren® during the
course of treatment, patients underwent before and after treat-
ment a complete laboratory examination, including hematol-
ogy, blood chemistry, and urinalysis. Patients also underwent
a clinical examination to record vital signs and were asked to
record all the adverse effects they observed.

Statistical analysis

The calculation of the number of patients was based on the
primary outcomes. For the volume at the end of treatment, it

was assumed for this study that the patients in the control
group would have a mean reduction of 200 mL, and the pa-
tients in the study group a mean reduction of 300 mL, with a
common standard deviation of 100 mL. On this basis, and
assuming a level of significance of 5% and a power of 80%,
the necessary sample size was determined to be 21 patients per
group. Assuming a dropout of 15%, 25 patients per group
were required. Statistical analyses were performed using the
MedCalc, version 11.1.1.0 for Windows (MedCalc Software,
Mariakerke, Belgium) All analyses were performed according
to the principle of intention-to-treatment, in which patients
with missing data were counted as treatment failures.

A two-sample unpaired t test and chi-square (χ2) test were
applied to compare the differences of continuous and categor-
ical variables, respectively.

A two-way analysis of variance (ANOVA) with group
(study versus control) as the between-patient factor and time
(before-after-follow-up) as the within-subjects factor was used
to assess the presence of significant differences between the
study and control groups and within each group before and
after treatment and at the 3-month follow-up. A Tukey post
hoc comparison was used to determine significant differences
between mean values when a significant main effect and in-
teraction were found for EVand QuickDASH questionnaire.

For all analyses, two-sided P values less than or equal to
0.05 were considered significant.

Results

The baseline characteristics that were similar and without sta-
tistic significance for both groups are shown in Table 1.
Patients received the following concomitant medications
(no. of patients in study group/control group): antidepressants,
anxiolytics/mood stabilizers (4/3), antidiabetics (3/3), antihy-
pertensive (4/5), antiosteoporosis and vitamin D/calcium (10/
8), antidyslipidemic (not statins) (5/4), osteoarthritis supple-
ments (12/11), non-steroidal anti-inflammatory (3/2), thyroid
hormone replacement therapy (1/2), gastric protection (7/5).
All patients were reexamined after the treatment period. At the
3-month follow-up, 1 patient in the study group and 2 patients
in the control group were lost, 2 (1 in the study group and 1 in
the control group) had received pneumatic compression treat-
ment in another center and 1 because had undergone lymphat-
ic drainage treatment in another center between the end of
treatment and follow-up. Nevertheless, based on the intent-
to-treat principle, the data for these 3 patients were included
in the data analysis.

The lymphedema severity at baseline was 47.8% in the
study group and 46.6% in the control group, which was severe
lymphedema based on the definition of the International
Society of Lymphology [25]. Lymphedema severity improved
to minimal lymphedema in the study group both after
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treatment (16.2%) and at 3-month follow-up (12.6%), where-
as lymphedema severity improved to moderate lymphedema
in the control group both after treatment (30.5%) and at 3-
month follow-up (31.8%).

Primary outcome measures

Two-way ANOVA demonstrated a significant effect of treat-
ment (P ≤ 0.001) and a significant treatment–time interaction
(P ≤ 0.001) for EV. Post hoc comparison within each group
showed (Table 2) a statistically significant reduction of EV
(P < 0.0001) in both groups after treatment. However, at 3-
month follow-up, a statistically significant reduction of EV
with respect to after treatment was observed in the study group
(P = 0.03), but not in the control group, which showed a little
although not significant worsening (P = 0.4). Post hoc com-
parison between groups of the same parameter showed

(Table 2) significant differences between the study and control
groups both after treatment (P < 0.0001) and at the 3-month
follow-up (P < 0.0001).

Chi-square (χ2) test for %REV showed significant differ-
ences between the study and control groups after treatment
(P = 0.02) and at the 3-month follow-up (P = 0.004)
(Table 2). After treatment, %REV was − 66.4% in the study
group and − 34% in control group. At 3-month follow-up,
although both without statistical significance, an improvement
of 10.8% (from − 66.4 to − 73.6%) of %REV is found in the
study group, whereas a worsening of 7.6% (from − 34 to −
31.4%) is shown in the control group (Table 2).

Secondary outcome measures

Two-way ANOVA demonstrated a significant effect of treat-
ment (P ≤ 0.001) and a significant treatment–time interaction

Table 2 A comparison of
primary outcomes before and
after treatment and at 3-month
follow-up in the study and control
groups

Outcome measures Study group (n = 25) Control group (n = 25) P value

VAL (ml)

Before treatment 2435 ± 211 2422 ± 222 0.8a

After treatment 1912 ± 108 2160 ± 198 0.0001b

P value < 0.0001c 0.0001c

Follow-up 1855 ± 90 2180 ± 138 0.0001d

P value 0.04e 0.7e

VUL (ml)

Before treatment 1647 ± 109 1652 ± 118 0.7a

After treatment 1645 ± 111 1655 ± 102 0.8b

P value 0.8c 0.8c

Follow-up 1647 ± 107 1654 ± 109 0.7d

P value 0.9e 0.9e

EV (ml)

Before treatment 788 ± 111 770 ± 120 0.6a

After treatment 267 ± 103 505 ± 109 < 0.0001b

Δ (CI) − 521 (− 581.8 to − 460.1) − 265 (− 330.1 to − 199.8)
P value < 0.0001c < 0.0001c

Follow-up 208 ± 88 529 ± 121 < 0.0001d

Δ (CI) − 59 (− 113.4 to 4.5) + 24 (− 41.5 to 89.4)

P value 0.03 e 0.4 e

%REV

After treatment − 66.4% − 34% 0.02 b

Follow-up − 73.6% − 31.4% 0.004d

P value 0.5 e 0.8 e

VAL, volume of affected limb; VUL, volume of unaffected limb; EV, excess volume;%REV, percentage reduction
of excess volume
a Comparison between study and control groups before treatment
b Comparison between study and control groups after treatment
c Comparison between before and after treatment within each group
d Comparison between study and control groups at 3-month follow-up
e Comparison between after treatment and 3-month follow-up within each group
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(P ≤ 0.001) forQuickDASH score. Post hoc comparison with-
in each group showed (Table 3) a statistically significant re-
duction (P < 0.0001) in both groups. However, at 3-month
follow-up, a statistically significant (P = 0.04) improvement
was observed in the study group, whereas a near statistically
significant (P = 0.06) worsening was observed in the control
group.

Fisher’s exact test revealed that the percentage of patients
satisfied of the treatment (Likert scale scores of B1^ (much
improved) or B2^ (somewhat improved) (i.e., successful re-
sults) was statistically higher in the study group than in the
control group both after treatment (P = 0.03) and at 3-month
follow-up (P = 0.02). The Likert scores for both groups are
shown in Table 4.

Tolerability of Linfadren®

No adverse events were recorded during the study in both
groups. The results of the clinical and laboratory examinations
revealed no signs of systemic toxicity due to Linfadren® ad-
ministration (Table 5).

Discussion

BCRL is a very common complication observed in clinical
practice in patients who undergo surgery for breast cancer
[1, 2]. Although BCRL is incurable, several conservative in-
terventions have been proposed for the control of symptoms,
minimize complications, and improve function and quality of
life [4].

The results of our randomized trial show that Linfadren®
plus CDT yields better results than CDT alone in the manage-
ment of patients with BCRL. After treatment, we found a
significant %REVof approximately 66.4% in patients where
Linfadren® was used adjunctively with CDT; patients where
CDT was the sole treatment experienced a 34% %REV. It
should be noted that at 3-month follow-up, %REV improved
in the group treated with Linfadren® plus CDT, while %REV
worsened in the group treated with CDT alone. Also for the
functional improvement of the affected upper limb, as mea-
sured by QuickDASH questionnaire, the greater improve-
ments were seen in those patients where Linfadren®was used
additionally with CDT, with respect to patients treated with

Table 3 Comparison of
QuickDASH outcomes before
and after treatment and at 3-
month follow-up in the study and
control groups

Outcome measure Study group (n = 25) Control group (n = 25) P value

QuickDASH

Before treatment 36.3 ± 5.8 35.8 ± 6.1 0.4a

After treatment 18.6 ± 3.6 25.6 ± 4.9 0.006b

P value < 0.0001c < 0.0001c

Follow-up1 16.3 ± 4.2 28.3 ± 5.2 0.03d

P value 0.04e 0.06e

QuickDASH (Disabilities of the Arm, Shoulder and Hand) questionnaire
a Comparison between study and control groups before treatment
b Comparison between study and control groups after treatment
c Comparison between before and after treatment within each group
d Comparison between study and control groups at 3-month follow-up
e Comparison between after treatment and 3-month follow-up within each group

Table 4 Summary of Likert
scores for both groups After treatment Follow-up

Study group Control group Study group Control group
Likert scale scores n (%) n (%) n (%) n (%)

1 (Extremely effective) 18 (72) 12(48) 15 (60) 8 (32)

2 (Very effective) 4 (16) 4 (16) 7 (28) 7(20)

3 (Somewhat effective) 2 (8) 6 (24) – 5 (24)

4 (Poorly effective) 1 (4) 2 /4) 3 (12) 5 (24)

5 (Not at all effective) – 1 (4) – –
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CDT alone, both at the end of the treatment as well as at 3-
month follow-up. It should be noted that at 3-month follow-
up, QuickDASH continued to improve significantly in the
group treated with CDT plus Linfadren®, while it was worse
although not significantly in the group treated with CDT
alone.

Better benefits in the patients’ perceived effectiveness of
treatment were also seen in patients receiving Linfadren® plus
CDT compared with those receiving CDT alone.

Despite a direct comparison of various studies being diffi-
cult, our results, in agreement with previous studies where
benzopyrones have been used in combination with CDT [14,

16, 18], show that the combination of Linfadren® plus CDT
leads to better results than CDT alone in the management of
patients with BCRL.

In the literature, the magnitude of the benefit due to the
combination of benzopyrones and CDT, with respect to
CDT or benzopyrones alone, varies. This might be a result
of variation in the drugs and doses used, as well as in the
measurement method of volume reduction. For example,
Casley-Smith & Casley-Smith [16] report that if
benzopyrones are used in combination with CDT, the reduc-
tion of edema volume increased from 130 to 200% with re-
spect to CDT alone.

Table 5 Mean values of vital
signs, hematology, blood
chemistry and urinalysis before
and after treatment in both groups

Outcomes Study group (n = 25) Control group (n = 25)

Before After P Before After P

Vital signs

Systolic pressure 121.1 ± 8.4 122.9 ± 7.6 0.85 118.3 ± 9.2 119.4 ± 8.1 0.84

Diastolic pressure 75.3 ± 5.4 76.1 ± 6.3 0.81 75.4 ± 5.8 75.9 ± 5.4 0.82

Heartbeats 71.2 ± 8.9 70.8 ± 7.1 0.79 70.9 ± 7.2 71.3 ± 6.9 0.78

Hematology

WBC 6.6 ± 1.4 6.5 ± 1.3 0.88 6.5 ± 1.6 6.4 ± 1.8 0.89

RBC 4.5 ± 0.6 4.6 ± 0.7 0.90 4.7 ± 0.5 4.8 ± 0.7 0.87

HGB 13.2 ± 1.2 13.3 ± 1.3 0.88 13.4 ± 1.1 13.5 ± 1.2 0.89

HCT 41.8 ± 3.1 41.7 ± 3.1 0.58 43.1 ± 3.1 42.7 ± 3.2 0.53

MCV 90.0 ± 3.8 89.7 ± 3.9 0.64 90.3 ± 4.7 89.9 ± 4.8 0.65

MCH 29.1 ± 1.7 28.7 ± 1.6 0.79 29.2 ± 1.8 29.1 ± 1.8 0.74

MCHC 32.2 ± 1.5 32.3 ± 1.1 0.89 32.3 ± 1.4 32.5 ± 1.1 0.76

PLT 240.3 ± 46.7 241.2 ± 43.7 0.69 243.3 ± 51.4 245.7 ± 52.9 0.42

Blood chemistry

BUN 33.5 ± 7.4 33.1 ± 6.2 0.82 32.6 ± 9.8 32.3 ± 8.9 0.86

Glucose 78.7 ± 6.8 80.4 ± 7.6 0.29 77.5 ± 8.7 79.7 ± 9.3 0.33

Creatinine 0.7 ± 0.1 0.7 ± 0.2 0.99 0.8 ± 0.1 0.8 ± 0.2 0.93

AST 19.2 ± 5.4 18.9 ± 5.2 0.42 19.7 ± 6.5 21.5 ± 6.1 0.20

ALT 21.2 ± 12.6 24.3 ± 19.3 0.39 21.9 ± 13.3 22.6 ± 14.8 0.82

GGT 18.6 ± 11.6 19.9 ± 14.6 0.66 17.1 ± 8.3 18.6 ± 12.6 0.53

Bilirubin direct 0.14 ± 0.1 0.15 ± 0.1 0.46 0.16 ± 0.1 0.17 ± 0.1 0.52

Bilirubin indirect 0.47 ± 0.2 0.48 ± 0.3 0.68 0.42 ± 0.3 0.46 ± 0.2 0.39

Bilirubin total 0.62 ± 0.2 0.64 ± 0.4 0.37 0.58 ± 0.3 0.60 ± 0.2 0.48

AP 154.4 ± 33.1 156.2 ± 35.3 0.48 156.3 ± 34.2 161.7 ± 35.9 0.54

Urinalysis

pH 5.7 ± 0.3 5.8 ± 0.5 0.51 5.5 ± 0.7 5.7 ± 0.6 0.32

Specific weight 1018 ± 6.5 1018 ± 5.6 0.41 1016 ± 5.9 1017 ± 6.7 0.39

Values are the mean ± SD unless otherwise indicated

WBC white blood cells, 1000/mm2 ; RBC red blood cells, 1,000,000//mm2 ; HGB hemoglobin, g/dl; HCT hemat-
ocrit, %;MCV mean corpuscular volume, fl;MCH mean corpuscular hemoglobin, pg;MCHCmean corpuscular
hemoglobin conc., g/dl; Platelets, 1000/mm2 ; BUN blood urea nitrogen, mg/dl; GOT glutamic oxalacetate trans-
aminase, UI/L;GPT glutamic piruvate transaminase, UI/L;GGT gammaglutamyl transaminase, UI/L; AP alkaline
phosphatase, UI/mL
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The results observed in our patients treated with CDTalone
are similar to previous studies in which patients treated with
CDT have achieved a mean reduction of excess arm volume
around 25–30% [10, 38, 39].

Also analyzing the studies where benzopyrones are used as
the sole treatment of BCRL, the reduction of the excess vol-
ume are lower (ranging from 7 to 35%) [14, 20, 40], in com-
parison to that obtained in our study where Linfadren® was
used in combination with CDT.

These findings suggest that the combination of
benzopyrones or Linfadren® with CDT is better than CDT
or benzopyrones alone in the management of patients with
BCRL. S imi l a r sugges t ions a re p rov ided by a
pharmacogenomics study [15].

The mechanism by which the main components of
Linfadren®, coumarin, diosmin, and arbutin, act to improve
the lymphatic disorders still remains poorly understood. It has
been postulated that α-benzopyrones (coumarin) activate the
proteolytic activity of macrophages, reducing the high con-
centration of interstitial proteins, which are the most respon-
sible for BCRL [14]. The γ-benzopyrones (diosmin) act on
the lymphatic system by increasing lymph oncotic pressure
and the frequency and intensity of the contractions of lym-
phatic vessels, as well as augmenting the total number of
functional lymphatic capillaries [20]. Arbutin has diuretic
properties that help reduce water tissue retention [41, 42].

In our study therapy with Linfadren® is well tolerated and
remarkably free of systemic adverse effects. Regarding the
supposed hepatotoxicity of coumarin, no hepatotoxic effect
was found in our study at doses of 61.2 mg/day for 2 weeks
and 30.6 mg/day for 4 weeks. Analyzing the literature, it
would seem that greater toxicity has been found at doses of
400 mg/day [43], while poor and transient effects have been
reported at doses of 135 and 90 mg/day [40]. Taken together,
the foregoing findings would seem to suggest that the possible
adverse effects of coumarin are dose-dependent. Clinical stud-
ies have shown that also diosmin has no contraindication even
when used at doses of 900 mg/day or concomitantly with
other drugs or in elderly people [44]. Similarly for Arbutin,
despite long-term use, even at doses of 400–800 mg/day in the
treatment of urinary tract infections [42], no cases of toxicity
have been reported in humans [42, 45]. Taken together, the
foregoing findings would seem to suggest that the possible
adverse effects of coumarin are dose-dependent, and regard-
ing diosmin and arbutin, their use in humans do not produce
side effects at the recommended doses.

Possible limitations of our study are a small number of
patients enrolled, although it did meet the power requirement;
the indirect method of volume measurement (truncated cone
formula); and the use of the elastic band instead of the multi-
layer bandage, already in the first phase of CDT. However,
both groups have used the same treatment, and given the
pragmatic nature of the study, we have used the treatments

that we usually offer to patients in our center; the lack of an
untreated control group, which we did not include due to the
pragmatic nature of the study; a follow-up period that was not
sufficiently long enough to determine the long-term effect of
the treatment with CDT plus Linfadren®, and to assess its
effects on the long-term quality of life in our patients.

Due to aforesaid limitations, additional studies are needed
to confirm these findings. Nevertheless, the differences in
scores between the two groups and within the Linfadren®
plus CDT group were significant, and the results suggest that
the use of Linfadren® in addition to CDT is not only safe but
also more effective than CDT alone in the management of
patients with BCRL without adverse events.
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