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RESEARCH ARTICLE

Adipocytes are larger in lymphedematous extremities than in controls

Jenny Zhanga, Mattias Hoffnera,b and Håkan Brorsona,c

aDepartment of Clinical Sciences, Lund University, Malm€o, Sweden; bDepartment of Surgery, Blekinge Hospital, Karlskrona, Sweden;
cDepartment of Plastic and Reconstructive Surgery, Skåne University Hospital, Malm€o, Sweden

ABSTRACT
Lymphedema is caused by dysfunctional lymph vessels or as a complication of cancer treatment leading
to edema and adipose tissue deposition. One hypothesis is that adipocyte hypertrophy contributes to the
volume increase in lymphedema. The aim of the study was to compare adipocyte size in arm and leg
lymphedema and controls. The adipocyte size difference was also compared between the arms and legs.
Furthermore, any link between adipocyte size difference and gender, lymphedema onset, duration, previ-
ous radio- and chemotherapy was studied, as well as any relationship to total excess volume increase in
the extremities, body mass index (BMI) and body weight. Adipose tissue biopsies from the lymphedema-
tous and non-affected extremities were taken from 47 patients. The adipocytes sizes were measured
using an Olympus PROVIS microscope, Olympus DP50 camera (Olympus, Tokyo, Japan) and ImageJ pro-
gram (NIH, Bethesda, MD). Additional information was obtained from the Lymphedema Center database.
The data were assembled in Excel and statistics was calculated in SPSSVR Statistics 23 (IBMVR , Armonk, NY).
The adipocyte size (mean± SEM) in the lymphedematous extremities was significantly larger,
8880± 291lm2, compared to the adipocyte size in the non-affected extremities, where it was
7143± 280lm2, i.e. 24% larger (p< .001). The adipocyte size increase was larger in arm than in leg lym-
phedema. No correlation was found between adipocyte size and gender or onset. However, a negative
correlation was found between adipocyte size difference and duration. No correlation was found between
adipocyte size and previous chemo- or radiotherapy. There was a positive correlation between adipocyte
size and BMI. Hypertrophy of adipocytes was seen in the lymphedematous extremities versus control and
contributes to the excess volume.
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Introduction

Lymphedema

Lymphedema is a chronic condition and in developed countries it
is a common complication of cancer treatment involving lymph
node removal and postoperative irradiation. It is known that
around 50% of patients undergoing lymph node dissection fol-
lowed by irradiation for cancer treatment will develop lymphe-
dema [1,2]. The most common cause of lymphedema globally is
infection with parasitic worms, called filarial worms, which are
prevalent in tropical and subtropical countries [3].

Lymphedema is a chronic and progressive condition with no
curative treatment, and sequels of lymphedema as a complication
of cancer treatment are even reported by patients to be more dif-
ficult to deal with than the original cancer treatment [4].
Lymphedema leads to cosmetic as well as physical disabilities due
to a vastly enlarged extremity. Usual complaints include pain, ten-
sion, heaviness and weakness, sensory deficit of the extremity as
well as clothing difficulties, anxiety and social stigmatization [5–7].
Lymphedema also weakens the immune system leading to
repeated erysipelas attacks, and also causes heavy strain on the
shoulder and neck when localized in the upper extremities.
Lymphedema causes functional impairment and limits physical

mobility and activity which leads to further negative effects on
health and quality of life [8].

Lymph accumulation in peripheral tissue

Lymph vessel dysfunction in lymphedema leads to accumulation
of lymph in peripheral tissue and results in tissue edema. In sec-
ondary lymphedema, the combination of lymphatic vessel dam-
age, removal of lymph nodes and scarring of the surrounding
tissues leads to an overload of the remaining lymph vessels.
These become dilated and their valves become inefficient, thus
unable to transport the lymph fluid. This effect is then spread to
the very distal connected lymphatic vessels [8]. The same goes for
primary lymphedema.

Fat deposition causing volume excess

In addition to accumulation of lymph fluid, deposition of adipose
tissue begins within the first year after the debut of lymphedema
[9]. Previous research has shown that the excess volume, that is
the difference in volume between the affected and the non-
affected extremity, in a non-pitting arm lymphedema comprises
73–81% of fat [6,9]. Lymphatic ablation in the tails of mice
resulted in subcutaneous adipose tissue deposition with a twofold

CONTACT Håkan Brorson hakan.brorson@med.lu.se Department of Plastic and Reconstructive Surgery, Skåne University Hospital, SE-205 02 Malm€o, Sweden
� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in
any way.

JOURNAL OF PLASTIC SURGERY AND HAND SURGERY
https://doi.org/10.1080/2000656X.2021.1953042

http://crossmark.crossref.org/dialog/?doi=10.1080/2000656X.2021.1953042&domain=pdf&date_stamp=2021-07-27
http://orcid.org/0000-0001-9968-6062
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/2000656X.2021.1953042
http://www.tandfonline.com


increase in fat thickness [10]. The deposition of adipose tissue
explains why compression therapy and microsurgical reconstruc-
tions are not fully effective alone, and why liposuction is required
to remove large excess volume in late-stage non-pitting lymphe-
dema. Liposuction shows complete reduction of the excess vol-
ume in patients with post-mastectomy arm lymphedema after a
15-year follow-up. Just as in non-surgical treatment, the use of
compression garments is nevertheless mandatory and lifelong to
retain the effect of liposuction [8].

The mechanism behind fat deposition

There is no cure for lymphedema. Despite previous research, there
is still too little clarity on the etiology of lymphedema and the
mechanism for the adipose tissue deposition, which continues to
hinder the development of new targeted or preventive treatments
[11].

A viable hypothesis is that adipose tissue hypertrophy greatly
contributes to the extremity enlargement in lymphedema.
Research shows a connection of adipose tissue hypertrophy with
a slow lymph flow and structural changes in the lymphatic system
[12,13]. In patients with lymphedema, a correlation has been
found between total excess volume in the lymphedematous arm
and the excess fat volume [9]. It is known that adipose tissue also
functions as an endocrine active organ, which can be influenced
by cytokines, thus chronic inflammation may play an important
role in fat deposition [13,14]. The recognition of adipose tissue
hypertrophy in various inflammatory conditions has been a sub-
ject for research, and a link has been found between prolonged
chronic stress and inflammation, with selective hypertrophy of
adipose tissue adjacent to lymphoid tissue [15–17]. More recent
studies have further indicated that impaired lymphatic flow leads
to inflammation and up-regulation of adipocyte differentiating
genes and increased expression of adipokines (hormones pro-
duced by adipocytes) [18]. This could suggest a possible mechan-
ism for the fat tissue deposition in lymphedema, where the
accumulation of lymph fluid leads to activation of adipocyte dif-
ferentiation and proliferation [11]. Lymphedema in mouse-tail
models has indeed shown a significant hypertrophy of subcutane-
ous fat droplets. However, animal models do not fully replicate
lymphedema, but merely function as a model of sustained lymph-
atic fluid stasis, and thus cannot replace studies on lymphedema
in humans [10].

Studies with MR imaging have shown a growth of adipose tis-
sue in lymphedema and an increase of fat lobules causing a vol-
ume increase in lymphedema [19]. Studies of female patients with
lower extremity lymphedema following gynecological cancer
treatment showed larger lobules of adipose tissue and hyper-
trophic changes, suggesting that long-term impairment of lymph-
atic flow can result in altered adipose tissue remodeling [20].
There is only one study measuring single adipocyte sizes histolog-
ically in lymphedema after breast cancer treatment. This study
confirmed larger adipocytes in the lymphedematous arm in one
female cadaver studied. The adipocyte size increase was observed
before overt lymphedema was seen in the female patient, who
had a subjective feeling of arm swelling after cancer treat-
ment [21].

Aims

The purpose of the study was to systematically investigate a
potential difference in adipocyte size in non-pitting lymphedema
compared to controls to see if adipocyte hypertrophy contributes

to the volume increase seen in lymphedema. The adipocyte size
difference was also compared between arm and leg lymphedema
and considering gender. Furthermore, any potential relationships
between adipocyte size difference and lymphedema onset (time
from cancer operation to lymphedema), duration, previous radio-
therapy and chemotherapy were studied, as well as potential links
to total excess volume increase in the lymphedematous extremity,
body mass index (BMI) and body weight, respectively.

Materials and methods

Subjects

Forty-seven patients, all with non-pitting stage 2–3 lymphedema,
participated in the study: 25 patients with arm lymphedema after
breast cancer treatment, 22 patients with leg lymphedema, of
which five were primary and 17 were secondary to treatment of
gynecologic cancer (n¼ 12), penis cancer (n¼ 2), Hodgkin’s
lymphoma (n¼ 2) and melanoma (n¼ 1). Of the 41 patients who
developed lymphedema secondary to cancer treatment, two
patients had received chemotherapy only, 15 had received irradi-
ation only and 19 had received both chemotherapy and irradi-
ation after their cancer operation. Five patients had not received
chemotherapy or radiotherapy.

All 47 patients underwent liposuction of the lymphedema in
the years ranging from 2005 to 2010, when the adipose tissue
biopsies were taken for adipocyte size measurement. The age dis-
tribution among the patients at the time of the biopsies ranged
from 17 to 88 years (Table 1).

Adipose tissue biopsies

The adipose tissue biopsies were obtained from the lymphedema-
tous extremity and the non-affected extremity in the same
patient. For legs, the biopsy was taken via a one-cm incision at
the medial aspect of the knee, and in arms it was taken at the
medial aspect of the elbow. All biopsies were taken before lipo-
suction. The samples were fixed in paraformaldehyde and later
embedded in paraffin and then cut into 5 mm sections, followed
by hematoxylin and eosin staining.

Adipocyte size measurement

The biopsy sections were viewed in 10� enlargements using an
Olympus PROVIS microscope and images were taken with an
Olympus DP50 camera (Olympus, Tokyo, Japan). The size of the
adipocytes was measured using the ImageJ program (NIH,
Bethesda, MD). Analyses were made at ImmuneBiotech AB,
Medicon Village (Lund, Sweden) (https://www.immunebiotech.
com). The size measurement of the adipocytes was carried out by
the same executor using the same high precision microscope,
camera and imaging program.

To increase the accuracy of adipocyte size measurement, five
images of each biopsy were analyzed and the adipocyte sizes of
10 blindly chosen cells per image were measured and expressed
in mm2. Thus, the average size of a total of 50 adipocytes per
biopsy was used for expressing the mean adipocyte size.

Table 1. Age (years) at the time of biopsy of all patients and patients with arm
and leg lymphedema.

Patient group All patients Arm lymphedema Leg lymphedema

Mean 58 61 54
SEM 2.1 2.5 3.3
Range 17–88 39–88 17–76
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Past medical history

Past medical history in regard to lymphedema was obtained from
the Lymphedema Center database and the medical records of
each patient. Data include:
� Onset, the time from cancer operation to the debut

of lymphedema;
� Duration of lymphedema before the biopsy was taken;
� Previous radiotherapy (if the lymphedema was secondary to

cancer treatment);
� Previous chemotherapy (if the lymphedema was secondary to

cancer treatment);
� Body weight and BMI at the time of the biopsies;
� Preoperative volume of lymphedematous and contralateral

extremities before liposuction.

Statistics

Statistical analyses were performed in SPSSVR Statistics 23 (IBMVR ,
Armonk, NY). The normality of all data points was tested and con-
firmed using a Shapiro–Wilk test. Since all data on adipocyte size
were normally distributed, parametric methods (paired and
unpaired Student’s t-test), mean and SEM were used to evaluate
the significance of the difference in adipocyte size between lym-
phedema and controls. The level of significance was set to
p< .05. The Pearson correlation coefficient was used for bivari-
ate analysis.

The adipocyte size difference was further compared between
males and females as well as between arm and leg lymphedema.
A potential link between adipocyte size difference and total

excess volume increase in the extremities to BMI and body weight
was also investigated.

Data input, chart and table creation was performed using
Microsoft Excel 15.30 (Redmond, WA).

Ethics

The study was approved by the Ethics of Human Investigation
Committee at Lund University Sweden (503/2006) and all partici-
pants gave their informed consent to participate. The procedures
followed were in accordance with the Declaration of Helsinki of
1964 as revised in 2013, and the Good Clinical Practice guidelines.

Results

Adipocytes are larger in lymphedema than in controls

The adipocytes (mean± SEM) in the tissue samples from the lym-
phedematous extremities were visually larger than in controls
(Figure 1). The adipocyte size in the lymphedematous extremities
was significantly larger, 8880 ± 291 lm2, compared to the adipo-
cyte size in the non-affected extremities, where it was
7143 ± 280lm2 (Figure 2), i.e. 24% larger (p< .001). The difference
between the size of the adipocytes in the lymphedematous and
non-affected extremities was 1737 ± 313lm2. Out of 47 patients,
38 had larger adipocytes in the affected extremity compared
to controls.

The mean adipocyte size difference in arm lymphedema was
around twice as large as the mean adipocyte size difference in
leg lymphedema (p< .05) (Figure 3).

Figure 1. Representative hematoxylin and eosin staining of biopsies from (A) control and (B) patient; cancer-induced lymphedema in left leg. Biopsies from (C) control
and (D) patient; cancer-induced lymphedema in right arm.
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Divergent cell size and leg lymphedema

Nine patients had in fact smaller adipocytes in the lymphedema-
tous extremity compared to the non-affected extremity. For these
patients, the adipocyte size (mean± SEM) in the lymphedematous
extremities was 7474± 658lm2, compared to 8675 ± 850lm2 in
the non-affected extremities, thus the mean adipocyte size in the
lymphedematous extremities was 14% smaller (p< .2). Seven of
these nine patients had leg lymphedema. The average duration of
lymphedema in these seven patients was around twice as long
compared to the patients who had larger lymphedema adipocytes
(on average 19 years and 11 years of duration, respectively)
(Table 2).

Adipocyte size increase is larger in arm lymphedema than in
leg lymphedema

The adipocyte size (mean± SEM) in the lymphedematous arms,
9793 ± 335lm2, was 1950lm2 larger than the adipocyte size in
the lymphedematous legs, where it was 7843 ± 392lm2 (p< .001),
while the adipocyte size in the non-affected arms, 7426 ± 340 lm2,
was 605 lm2 larger, but not significantly, than the adipocyte size
in the non-affected legs, where it was 6822± 456 lm2 (p¼ .29)
(Figure 4). This means that the mean adipocyte size increase is on
average 32% in arm lymphedema, but only 15% in
leg lymphedema.

No significant adipocyte cell size difference between females
and males

The adipocyte size difference in lymphedema and controls did
not differ significantly between females and males (p¼ .96). The
mean adipocyte size in the lymphedematous extremities in males
was 52lm2 larger (p¼ .53), and the mean adipocyte size in con-
trol extremities was 41lm2 larger (p¼ .97) than in females.

Time aspect and adipocyte size difference

The data showed no correlation between adipocyte size differ-
ence and onset of lymphedema after cancer operation (p< .781,
Pearson’s correlation coefficient ¼ 0.044). There was a slight but
significant negative correlation between adipocyte size difference
and duration of lymphedema (p< .02, Pearson’s correlation
coefficient¼�0.344).

Previous therapy and adipocyte size

Data showed no correlation between adipocyte size difference
and previous radiotherapy (p¼ .45) (Figure 5) or chemotherapy
(p¼ .54) (Figure 6). The adipocyte size difference for patients who
had received both chemo- and radiotherapy did not differ from
patients who did not receive any chemo- or radiotherapy at all in
addition to cancer operation (p¼ .61) (Figure 7).

Adipocyte size and total excess volume of
lymphedematous arm

The mean preoperative excess volume (mean± SEM) of the lym-
phedematous arms was 1333 ± 114ml. The data showed no sig-
nificant correlation (p¼ .996, Pearson’s correlation
coefficient¼�0.001) between the adipocyte size difference and
the preoperative total excess volume of the lymphedema-
tous arm.

Figure 2. Mean adipocyte size (mean± SEM) between lymphedema and control
in all patients.

Figure 3. Mean adipocyte size difference (mean± SEM) between arms and legs.

4 J. ZHANG ET AL.



Adipocyte size and total excess volume of
lymphedematous legs

The mean preoperative excess volume of the lymphedematous
legs was 4978ml (SEM ± 819). The data showed no significant
correlation (p¼ .218, Pearson’s correlation coefficient ¼ 0.274)
between the adipocyte size difference and the preoperative total
excess volume of the lymphedematous leg.

Adipocyte size difference and BMI, body weight

The data showed a significant correlation between adipocyte size
difference and BMI (p< .037, Pearson’s correlation coefficient ¼
0.308) but no correlation with weight (p¼ .182, Pearson’s correl-
ation coefficient ¼ 0.200).

Discussion

The study is, to our knowledge, the first to systematically and
comprehensively measure the adipocyte size in adipose tissue in
lymphedema in humans. The study is therefore the first to histo-
logically confirm that hypertrophy of adipocytes contributes to
the volume excess in non-pitting lymphedema. A previous study
in an animal lymphedema mouse-tail model has shown both vis-
ual enlargement and an increase in the number of adipocytes.
However, the mouse-tail model used was not a model of human
lymphedema, but a model of sustained stasis of lymphatic fluid

and cannot replace clinical studies of lymphedema in humans
including the disease debut and progress over time [10].

One possible risk when taking adipose tissue biopsies is that
the adipocytes’ cell size may vary in different regions along the
extremity. Therefore, in this study, biopsies were taken at the
same corresponding locations in all patients. In addition, it has
been shown, by repeated biopsies from the same site, that the
variation of size of adipocytes within the same subcutaneous
region is very limited [22].

The patients in the study were mostly females (42 females out
of 47 patients in total). This is due to the fact that lymphedema
in western countries most commonly appears as a complication
of lymph node removal followed by irradiation as part of breast
and gynecological cancer treatment. The adipocyte size in lym-
phedema and control extremities did not differ significantly
between females and males, thus the findings in this study could
be presumed to be similarly applicable despite gender.

The study has investigated possible hypertrophy of adipocytes
in lymphedema and not any potential proliferation, i.e. hyperpla-
sia. There is a possibility that proliferation of adipocytes in lym-
phedema results in an adipocyte population of different ages and
thus a higher variation of cell size dependent on the length of
cell lifetime. It has been established that the size of adipocytes
correlates to the life cycle of the cell in the way that adipocytes
accumulate triacylglycerols up to a threshold when proliferation is
initiated. Thus, adipocytes later in the life cycle are larger than

Table 2. Duration and onset (time from cancer operation to debut of lymphedema) of lymphedema, previous radiotherapy and chemotherapy in patients with
larger adipocytes in lymphedema than in controls, and patients with smaller adipocytes in lymphedema than in controls (all leg lymphedema).

Patient group Duration (years) Onset (years) Previous chemotherapy (%) Previous radiotherapy (%)

Larger adipocytes (n¼ 38) 11 2.2 50 74
Smaller adipocytes in leg lymphedema (n¼ 7) 19 2.4 38 50

Figure 4. Mean adipocyte size difference (mean± SEM) between control and
lymphedema in arm and leg, respectively. Figure 5. Mean adipocyte size difference (mean± SEM) between patients who

had and who had not received previous radiotherapy.
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adipocytes at earlier stages in the life cycle [23]. In adipose tissue
increase in obesity, it is also implied that hypertrophy of adipo-
cytes is the major cause early in the process, whereas an

increased number of adipocytes is the major cause for adipose tis-
sue increase in severe obesity [22]. All of this could possibly
explain why the average size of adipocytes in some patients were
in fact smaller in the lymphedematous extremity. This was seen in
nine patients where the adipocytes were smaller in the lymphe-
dematous extremities as compared to controls. One possible
explanation is that both hypertrophy and hyperplasia of adipo-
cytes contribute to the volume enlargement in lymphedema and
that the ratio of these two might vary across patients.

It would be expected, since hypertrophy of adipocytes in lym-
phedema was confirmed in this study, that the magnitude of adi-
pocyte size increase could correlate to the increase of the total
excess volume of the extremities. Our findings, however, did not
indicate this, but could indicate an increased number of prolifer-
ated adipocytes leading to the increase of the excess volume in
the lymphedematous extremity.

Difference of adipocyte size increase in the leg and arm

The adipocyte size increase differs significantly between arm and
leg lymphedema, with an average adipocyte size increase of only
15% in leg lymphedema compared to 32% in arm lymphedema
(Figure 4). The reason for this differentiation between arms and
legs is not clear.

Some common characteristics among the patients with smaller
adipocytes in lymphedema were noted. The majority of patients
(seven out of nine patients) with smaller adipocytes in the lym-
phedematous extremity compared to controls had leg lymphe-
dema. The average duration of lymphedema was almost twice as
long in these patients compared to the patients who had larger
lymphedema adipocytes (Table 2). The longer duration and the
location (leg) of the lymphedema, which are common factors for
these patients, could indicate two possibilities. One is that hyper-
trophy of adipocytes in lymphedema later declines with longer
duration of the condition. The results from this study also show a
negative correlation between adipocyte size difference in lymphe-
dema and the duration of lymphedema, which means that the
mean adipocyte size is smaller with longer duration of the dis-
ease. The other is that maybe the mechanism of, or the environ-
ment for, lymphedema in the arm and leg differ in some
critical aspects.

Data did not confirm any significant correlation between previ-
ous radio- and/or chemotherapy and adipocyte size difference in
lymphedema (Figures 3–5). In a larger sample than in this study it
might be possible to investigate how different types of radiother-
apy and chemotherapy might influence the difference in cell size,
the rationale being that different types of treatments can affect
the magnitude of size increase differently.

Another factor to consider is that about half of the patients
(10 of 21 patients with arm lymphedema and seven of 13 patients
with leg lymphedema) had received a combination of chemother-
apy and radiotherapy in addition to the cancer operation. In these
17 patients, it is difficult to determine what the true effect of
chemotherapy and radiotherapy, respectively, would independ-
ently have on the adipose tissue deposition and adipocyte
hypertrophy.

A previous study has shown that super obese (BMI 45–50) indi-
viduals can develop primary lymphedema. Moreover, less obese
patients have a higher risk of developing lymphedema after
lymph node removal and irradiation following cancer treatment
than patients with a normal BMI. This supports the existence of a
potential reciprocal relationship between obesity and lymphe-
dema in the way that obesity impairs lymphatic transport by

Figure 6. Mean adipocyte size difference (mean± SEM) between patients who
had and who had not received previous chemotherapy.

Figure 7. Mean adipocyte size difference (mean± SEM) between patients who
had received both chemo- and radiotherapy, and patients who had not received
any additional treatment.
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overloading the transport capacity and dysfunctional lymph drain-
age promotes deposition of adipose tissue [11]. The data in the
current study also confirm that the BMI of the 47 patients corre-
lated with the adipocyte cell size difference.

A previous study supports the view that adipocyte hyper-
trophy occurs early, at stages before clinical lymphedema occurs
[21]. This would suggest, as later shown by Brorson et al. [8,9]
that adipose tissue deposition is initiated very early in the devel-
opment of lymphedema, within the first year, and could poten-
tially be targeted to prevent the condition at the time of
diagnosis. Of course, more research is needed to further support
this since the previous study was based on one patient only.

Recent studies have indicated that inflammation plays an
important role in lymphedema and adipose tissue deposition,
including up-regulation of adipocyte differentiating genes and
increased expression of adipokines [11–18]. Therefore, one possi-
bility for adipose tissue deposition is that the degree of inflamma-
tion could affect the magnitude of hypertrophy of adipocytes in
lymphedema. However, since these findings were not known at
the time the biopsies were collected, this study has not included
an investigation of a potential difference in any degree of inflam-
mation in the tissue samples to compare them with the adipocyte
size difference. Future research on tissue samples with immuno-
histochemistry will be performed to estimate the degree of
inflammation.

However, the proven hypertrophy and enlargement of adipo-
cytes in lymphedema in this study support the findings of a previ-
ous study, i.e. that adipose differentiation regulating proteins,
such as cytosine–cytosine–adenosine–adenosine–thymidine
(CCAAT) enhancer binding protein-alpha and adiponectin, are sig-
nificantly upregulated due to lymphatic fluid stasis [17,18].

A study on intraorbital tissue of patients with active Graves’
ophthalmopathy, where adipogenesis is one of the main processes,
showed an overexpression of the adipose tissue marker stearoyl-
coenzyme A desaturase as well as the pro-inflammatory gene
cyclooxygenase-2 (COX-2). Nonsteroidal anti-inflammatory drugs
(NSAIDs), such as diclofenac, were further shown to reduce the
number of mature adipocytes by approximately 50% in active
Graves’ ophthalmopathy [24]. This finding suggests that anti-inflam-
matory drugs could prevent the differentiation of adipocytes. It
would be of clinical importance if future research, studying the
effect of anti-inflammatory drugs on fat-transformation in lymphe-
dema, led to a method to prevent the adipose tissue deposition.

Recently, teprotumumab, a human monoclonal antibody
inhibitor of insulin-like growth factor I receptor (IGF-IR), has been
used in patients with Graves’ ophthalmopathy with promising
results [25]. Inhibition of IGF-IR results in reduction in the volume
of orbital fat, muscle or both by possibly decreasing inflammation
in orbital tissues. So far data from studies to determine the mech-
anism underlying the drug action are lacking. Thus, future studies
of the effect of teprotumumab on adipose tissue enlargement in
patients with lymphedema would be very interesting.

The strengths of this study are the extensive number of sub-
jects included (47 patients with lymphedema), the systematic and
precise measurement of adipocytes with the same high precision
microscope, camera and imaging program, carried out by the
same person, which measured a high number (50) of adipocytes
of each biopsy to express the mean adipocyte size. Moreover, the
main result in this study is supported by a p value <.001 and
thus the result is of very high significance.

The main limitation of this study is the difficulty in separating
the effects of some of the factors analyzed, such as various

chemo- and radiotherapies, location of lymphedema, duration
and onset of lymphedema.

Conclusions

There was a significant enlargement of the adipocytes in lymphe-
dematous extremities compared to controls, thus hypertrophy of
the adipocytes is indeed an important mechanism leading to vol-
ume excess due to fat deposition in lymphedema.

This study also indicated that location (arm versus leg) and
duration of lymphedema influence adipocyte size increase and
potentially the progress of lymphedema.

In summary, looking at the current study and other recent
studies on the underlying mechanisms of lymphedema, there
seems to be a fairly strong relationship between lymphedema,
chronic low-grade inflammation, adipose tissue deposition and
obesity. Further clarity of the molecular mechanism underlying
the development of lymphedema could promote development of
treatment methods that prevent adipose tissue deposition as a
complication of cancer treatment.
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