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Abstract
Objective—To assess the feasibility of recruiting and retaining cancer survivors with lower limb
lymphedema into an exercise intervention study. To develop preliminary estimates regarding the
safety and efficacy of this intervention. We hypothesized that progressive weight training would not
exacerbate leg swelling and that the intervention would improve functional mobility and quality of
life.

Design—Before-after pilot study of 5 months duration.

Setting—University of Pennsylvania

Participants—Cancer survivors with a known diagnosis of lower limb lymphedema (N=10) were
directly referred by University of Pennsylvania clinicians. All 10 participants completed the study.

Intervention—Twice weekly slowly progressive weight-lifting, supervised for 2 months,
unsupervised for 3 months.

Main Outcome Measures—The primary outcome was interlimb volume differences as measured
by optoelectronic perometry. Additional outcome measures included safety (adverse events), muscle
strength, objective physical function, and quality of life.

Results—Interlimb volume differences were 44.4 and 45.3% at baseline and 5 months, respectively
(pre-post comparison, p = 0.70). There were 2 unexpected incident cases of cellulitus within the first
two months. Both resolved with oral antibiotics and complete decongestive therapy by 5 months.
Bench and leg press strength increased by 47% and 27% over 5 months (p = 0.001 and p = 0.07,
respectively). Distance walked in 6 minutes increased by 7% in 5 months (p = 0.01). No improvement
was noted in self-reported quality of life.
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Conclusions—Recruitment of patients with lower limb lymphedema into an exercise program is
feasible. Despite some indications that the intervention may be safe (e.g., a lack of clinically
significant interlimb volume increases over 5 months), the unexpected finding of two cellulitic
infections among the 10 participants suggests additional study is required before concluding lower
extremity lymphedema patients can safely perform weight-lifting.
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It is estimated that there are over 11 million cancer survivors alive in the U.S. today.1 The
increased success of cancer treatments has created the welcome challenge of addressing the
long term sequelae of those treatments. One common negative effect of cancer treatment is
lymphedema, which is defined as an abnormal accumulation of protein rich fluid in the affected
limb, which can occur after lymph node removal, trauma or irradiation. This chronic,
progressive condition has no known cure and is well documented to have negative effects on
wound healing, local blood flow, and tissue oxygenation2-5, as well as physical function and
quality of life.6-9

American Cancer Society estimates that approximately 480,000 adults are diagnosed annually
with cancers for which treatments include irradiation and/or removal of lymph nodes from the
groin or lower torso, which may lead to LLL (e.g. melanomas or gynecologic or genitourinary
cancers).10 Estimates of lymphedema incidence in these patients varies by threshold for
diagnosis, intensity of lymph node treatment, and length of follow-up. However, it is commonly
estimated that 20-30% of these patients (up to 140,000 per year) will develop LLL secondary
to cancer treatment.11-22

Across multiple cancer diagnoses with distinct etiologies, those with LLL secondary to lymph
node removal or damage progress over time to an alteration in the ability to walk at a functional
pace, for functional distances, as well as changes in ability to lift heavy objects, or stand for
long periods.6, 7, 9 In the absence of any empirically tested interventions to guide them, cancer
survivors who experience LLL limit their mobility, sometimes retiring early, quitting work,
and/or limiting their social lives. The financial burden can be tremendous, including the loss
of work, lymphedema treatment (up to $2000 per month), and compression garments used to
control the swelling (ranging from $24 to $574, with several purchased per year).6

Strength training might assist patients with LLL to improve function, which may also improve
quality of life. However, resistance exercise has historically been contraindicated for
individuals with or at risk for lymphedema. There have been multiple studies that have assessed
the safety and efficacy of upper body exercise, including resistance training, in breast cancer
survivors with and at risk for lymphedema.23, 24 The promising results from these studies have
resulted in alterations in exercise guidelines for individuals with or at risk for lymphedema.
25 However, this research has focused solely on the problem of arm lymphedema in breast
cancer survivors who have axillary lymph nodes removed as part of treatment. There have been
no such studies for patients with LLL secondary to cancer treatment. Clinical differences
between upper and lower limb lymphedema after cancer treatment preclude the assumption
that the success of strength training interventions for breast cancer survivors can be translated
to those at risk for LLL without careful testing. For example, anatomical and hemodynamic
differences between the arms and legs are substantive: the column that makes up the leg is
longer and larger than the arm, thus the leg moves a greater amount of lymph fluid a longer
distance 26. Differences in the ability to use the affected limb less, preferentially using the
unaffected limb. It is possible to carry things with the unaffected arm; it is not possible to walk
on just one leg. Further, bilateral lymphedema is more common in lower limb cases. Survivors
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of cancers that may lead to LLL are generally older, thus the baseline physiologic status of the
participants cannot be assumed to be the same as for breast cancer survivors from our prior
studies 27, 28. Obesity is reported to be a larger issue for clinical course of lower than upper
limb lymphedema because of larger volume of fat in the legs versus the arms 29, 30. This makes
an exercise intervention even more attractive for this understudied population. LLL may also
be confused with or co-morbid with lower limb venous disease, which makes it more difficult
to know exactly how to treat this more complicated disease 7. Those who develop LLL interact
with this chronic condition differently than those who develop upper limb lymphedema
secondary to breast cancer. Changes in hands are recognized before changes in feet, simply
because of how much more heavily we count on our hands for functional tasks. Therefore, it
is commonly clinically observed that individuals who develop LLL do not notice it or seek
treatment until it has progressed in a manner that makes management more complicated. For
these reasons, there is a need to assess the feasibility, safety, and efficacy of resistance training
exercise in patients with LLL after cancer treatment.

To address this gap in the literature, we conducted a pilot study to assess the feasibility of
recruiting and retaining patients with LLL into an exercise intervention study, to determine the
feasibility and acceptability of the intervention, and to develop preliminary estimates regarding
the safety and efficacy of this intervention with regard to physical function and quality of life.
We hypothesized that progressive weight training would not exacerbate leg swelling or
lymphedema symptoms, and that the intervention would lead to improvements in measures of
physical function and quality of life.

METHODS
Study Design, Recruitment, and Eligibility

The protocol for this pre-post, non-controlled pilot and feasibility study was approved by the
University of Pennsylvania institutional review board. All participants provided written
informed consent and written permission from their physician for participation. The flow of
participants through the study is illustrated in Figure 1. Recruitment letters were mailed
between October 2007 and February 2008 to patients of the University of Pennsylvania known
to have lower extremity lymphedema secondary to cancer. Eligible participants had completed
cancer treatment at least one year prior to consent and had at least one lymph node surgically
removed. Participants had to have lower limb lymphedema secondary to cancer treatment,
defined as a ≥6% interlimb discrepancy by volume from perometry or by circumference at the
point of greatest visible difference OR written confirmation of clinically diagnosed
lymphedema. The threshold of ≥6% limb discrepancy was chosen to ensure the discrepancies
were larger than the 5% limb discrepancy threshold for defining grade one lymphedema
according to the Common Toxicity Criteria for Adverse Events version 3.0.31 The allowance
of written confirmation of diagnosis allowed for the possibility of participants with bilateral
lymphedema and/or well controlled lymphedema, and or lymphedema isolated to a small
enough section of the lower extremities that it is clearly diagnosable but does not meet the
above thresholds. The lymphedema had to be controlled, defined as having had none of the
following in the three months prior to consent: 1) recorded change of leg girth of 15%, 2) a
lymphedema related infection requiring antibiotics, 3) worsening of lymphedema that altered
activities of daily living, or 4) therapist delivered decongestive therapy. Participants could not
have any medical conditions that would prohibit participation, plans for reconstructive surgery
or to be away for a week or more during the study, and could not have a body mass index ≥ 50
kg/m2). Survivors reporting strength training or more than 3 aerobic exercise sessions per week
were also excluded. There was no lower age eligibility limit, the upper age limit was 90 years.
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Measurements
All of the following measurements were taken at baseline, 2, and 5 months by trained study
personnel.

Lymphedema measurements—Leg volume was measured using an optoelectronic
perometer, which uses infrared beams to calculate limb volume by measuring leg
circumference every 0.5 cm (Model 350Sa). The perometer provides a measurement of limb
volume that is more accurate than traditional circumferential measures.32, 33 One participant
whose affected leg was too large for the perometer had leg-circumference measurements taken
on both legs at 4 cm intervals. Leg volumes for this participant were calculated using a truncated
cone formula.34 Because perometry measurements do not include the foot or ankle and are
limited in length by the participant’s ability to abduct the leg not being measured, circumference
measurements were taken on both legs at the great metatarsal phalangeal joints and the ankle
using the figure-of-8 method.35 Thigh circumferences were also measured at the level of the
groin. Participants were instructed to remove compression garments 20 minutes before
measurements were taken. A survey validated for use in patients with arm lymphedema was
adapted to measure self-report of LLL diagnosis, symptoms and treatment over the last 3
months.36 The lymphedema survey asked participants about 12 symptoms specific to LLL,
including puffiness, decreased mobility, pain, and skin changes. An additional survey asked
patients to self-report whether they experienced pain associated with lymphedema using a
Visual Analogue Scale from 0 to 10.37-39

Anthropometry—Body weight was measured at baseline, 2, and 5 months using a digital
scale and height was measured at baseline only, on a scale mounted stadiometer (Scale-tronix
5005 stand-on digital scaleb), calibrated weekly. Body fat (percent and total) and lean mass
were measured by dual energy X-ray absorptiometryc.

Strength and physical function measures—Upper and lower body strength was
assessed by one-repetition maximum tests, (the maximum amount of weight that can be lifted
once) for the bench press and leg press. One repetition maximum tests are the standard by
which increases in muscular strength are evaluated and are reported to be safe for most
populations when properly supervised.40-42 Trained measurement staff verbally encouraged
participants according to a standardized script.

Cardiorespiratory functional endurance was assessed using the 6-Minute Walk Test performed
using American Thoracic Society Guidelines, including assessment of dyspnea at the end of
the test.43 This test has been shown to be a valid and reliable measure of aerobic capacity in
patients with heart failure, peripheral vascular disease and pulmonary disease.44, 45 Distance
walked in the 6-Minute Walk Test has been shown to correlate with impairments in strength
and power in the lower extremity.46 Time to walk 50 feet was assessed during the first 50 feet
of the 6-Minute Walk Test. Dynamic balance was assessed as per the hierarchical approach
used in the Short Physical Performance Battery.47 All participants were able to do the one leg
balance test from this hierarchical approach. Range of motion measurements were taken with
a goniometer. Ankle dorsiflexion and plantarflexion have been shown to be important
indicators of functional mobility including stair climbing and walking.48

Quality of life was assessed using the Medical Outcomes Study 36-Item Short Form Health
Survey.49-51 It has well-established normative values and has been shown to be both valid and
reliable.52 Participants also completed a demographics survey. Medical record abstraction was

aJuzo USA, 80 Chart Road, Cuyahoga Falls, OH 44223
bScale-tronix, 200 East Post Road, White Plains, NY, 10601
cHologic, Inc., 35 Crosby Drive, Bedford, MA 01730
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performed to ensure accuracy of cancer diagnosis and treatment and to verify the number of
lymph nodes removed.

Ensuring Participant Safety
Prior to starting the intervention, all participants visited with a certified lymphedema therapist
for a standardized clinical lymphedema assessment and to be measured for custom fitted Jobst
Elvarex compression garmentsd. The intervention did not start until custom fitted garments
were received by participants. Participants also underwent a baseline Doppler ultrasound of
the lower extremities to rule out deep venous thrombosis prior to study participation (none was
detected). Perometer and circumference measurements were performed weekly during the 8
week supervised intervention. Participants were also asked at each session about changes in
symptoms. Changes in symptoms and/or swelling (e.g., a >5% increase in affected leg volume
or a greater than 2 cm increase in circumferential measures) resulted in a referral to a
lymphedema therapist for evaluation of a possible flare-up.

Weight Training Intervention
For the first 8 weeks of weight training, participants met twice weekly at a physical therapy
clinic associated with the University of Pennsylvania. All 16 sessions were led by a certified
fitness professional who had been through extensive training with the principal investigator.
Participants exercised in groups of 5 to ensure adequate instruction and monitoring. A physical
therapist and/or the principal investigator were also on site and available to answer questions
during most sessions. Participants received instruction in performance of warm-up, stretching,
diaphragmatic breathing, weight training, and additional stretching exercises. Twelve weight-
training exercises were performed using variable resistance machines, free weights, and ankle
weights. The exercises included seated row, chest press, lateral raises, bicep curls, tricep
pushdowns, leg press, leg extension, leg curl, hip flexion, leg abduction, prone straight leg lifts,
and calf raises. One to three exercises were introduced per session. If pain, injury, or altered
range of motion due to limb swelling prevented performing a specific exercise, modifications
were made at the discretion of the fitness professional.

Participants started at the lowest possible resistance. Resistance was increased weekly at the
lowest possible increment. Participants built up from 2 sets to 3 sets of 10 repetitions per
exercise over the first 4-5 weeks of the intervention. Each exercise session lasted approximately
90 minutes. Participants kept exercise logs that were reviewed by the fitness trainers. After 8
weeks, the participants were provided with a free 3 month membership to a YMCA fitness
facility within 20 minutes of the participants’ home or workplace. A certified fitness
professional visited the YMCA facility with the participant for a single session to translate the
intervention to the available equipment and to ensure that the participant knew how to use the
equipment at the facility. Thereafter, participants kept their own logs. One call was made 6
weeks into the 12 week unsupervised portion of the intervention to ask about exercise adherence
and lymphedema symptoms. Participants were instructed not to make any purposeful changes
in diet or exercise habits outside of the intervention.

Statistical Analysis
Continuous variables were described using means, standard deviations, quantiles, and range;
categorical variables were described with proportions. All statistical analyses were performed
using Microsoft Excel Version 11.5.1. Comparisons of pre- versus post-intervention values for
continuous variables were made using paired, two-sided Student’s T-tests. A p-value of 0.05

dBSN Medical, 5825 Carnegie Blvd., Charlotte, NC 28209
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was considered statistically significant. It is acknowledged that the multiple comparisons in
this analysis may inflate the type 1 error rate in this pilot study.

RESULTS
Table 1 describes baseline characteristics of the 10 participants, all of whom completed the
study. The majority of the participants were Caucasian (N=9) and female (N=7) with a mean
age of 60.1 years (range = 50 to 71). The majority of the participants had completed a college
education.

All but one participant attended at least 81%, or 13 out of 16 supervised exercise sessions;
average attendance during the supervised intervention was 91% with a range from 69-100%.
Exercise adherence during the unsupervised 3 months averaged 77%, with a range of 0-100%.
One participant exercised twice weekly for six weeks and then stopped. Two developed
cellulitic infections during the supervised portion of the intervention and never returned to
exercise. One performed three unsupervised sessions prior to being diagnosed with recurrent
melanoma and never returned to exercise. Another participant found her local YMCA to be
inconveniently located and never exercised after the supervised intervention. The other five
had 100% adherence during the three month unsupervised intervention. No musculoskeletal
injuries were incurred as a result of the intervention.

Table 2 describes the changes in body composition, strength, and function. Statistically
significant improvements noted after two months of progressive strength training for bench
press, time to walk 50 feet, dyspnea after the 6-minute walk test, time balancing on one leg,
and dorsiflexion of the ankle on the more affected lower limb. At five months, statistically
significant improvements were noted for bench press, time to walk 50 feet, and distance walked
in 6 minutes.

No significant changes were noted for the overall scores or sub-scales of the Medical Outcomes
Study 36-Item Short Form Health Survey (results not shown). Self-reported pain averaged 0.75
on a visual analog scale that ranged from 0 to 10 at all three measurement time points.
Participants endorsed 5.8, 5.0, and 5.2 symptoms at baseline, 2, and 5 months, Average
lymphedema symptom severity significantly improved from 1.1 to 0.8 over the first two months
of the intervention (p = 0.02). This decrease in symptom severity was largely maintained at 5
months.

Perometer and Circumference outcome data are presented in Table 3. Figures 2 and 3 show
the interlimb percent difference and affected limb volumes (respectively), as measured just
prior to strength training sessions each week during the 2 month supervised intervention
(baseline and two month outcome assessments are not included in figures, refer to table 3 for
these values).

During the 2 month supervised intervention, two participants were diagnosed with cellulitis,
placed on oral antibiotics, and underwent complete decongestive therapy. These two
participants discontinued the strength training intervention at the end of the two month
supervised intervention. For both of these individuals, limb volume differences (overall and
calf) were back to within 0.5 percentage points of baseline values at 5 months.

DISCUSSION
This uncontrolled pilot study represents the first step in the development of a research program
on exercise to improve functional status among cancer survivors with LLL. We have
established the feasibility to recruit and retain patients with LLL into an exercise intervention
study and that the intervention is behaviorally feasible and acceptable to participants. The
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primary finding is that there was no clinically meaningful worsening in total leg volume in the
ten participants, combined with clinically meaningful improvements in several measures of
functional status. The 25% improvement in balance and the 120% improvement in dorsiflexion
of the affected ankle at the end of the supervised intervention are particularly notable. Given
that the clinical course of LLL often includes loss of physical function with aging and
worsening of the disease, this finding, along with the relative safety of the intervention, suggest
the need for further research to develop exercise programming for this often ignored population
of cancer survivors. It is notable that the distance walked in 6-minutes was 30% lower among
the cancer survivors with LLL in this pilot study than values reported for healthy adults of
similar age.53 Clearly, there is value to pursuing methods to improve physical function in this
population.

There were two cases of cellulitus diagnosed among the ten participants. This was unexpected
and suggests that exercise prescription for this population should proceed with caution. Both
infections were controlled with oral antibiotics and complete decongestive therapy, there were
no hospitalizations or debridement required. That said, these relatively minor adverse outcomes
were unexpected. The a priori assumption was that the risk associated with weight training
would be increased swelling, not inflammation and infection. While the link between cellulitis
and lymphedema has been extensively studied54-57, there has been no examination of a link
between cellulitis and exercise. All participants in the present study wore compression
garments and shoes during exercise, which prevented direct lower extremity contact with
exercise equipment. Any shared measurement items that came into contact with skin were
cleaned with an alcohol solution between participants. Another possible source of infection
could be an unclean compression garment, although there was no examination of risk factors
for cellulitis as it relates to hygiene. One risk factor for dermatomycosis is hydrosis.58

Participants in this study may have been predisposed to hydrosis as they were exerting
themselves during the intervention. One of the participants diagnosed with cellulitis had a
Fludeoxyglucose Positron Emission Tomography / Computed Tomography scan before
enrolling in the study that showed hypermetabolic abdominal adenopathy that was increased
from a previous scan. Increased activity in the lymph nodes could have caused further
lymphatic dysfunction, increasing the risk for cellulitis. The other participant gardens as a
hobby and had a bite mark on the affected leg at the time of diagnosis. A known site for pathogen
entry is a risk factor for cellulitis with an odds ratio of 7.02.56 Neither participant any increase
in interlimb discrepancy or increases in total limb volume on the affected side at the time the
cellulitic infections were discovered. Both had 5% increases in affected limb volume for subset
of the limb up to the knee at the time the cellulitic infections were discovered. Both of these
increases had resolved by the final measurement time point.

Study Limitations
All participants wore the same type of compression garments during exercise. However, patient
log reports of self-care habits differed when not exercising. Some participants wrapped, some
only used compression on specific areas of the lower extremity and some chose not to use
compression at all outside of the intervention. In addition, there were changes in 3 factors
during the intervention: exercise, season and garments. This makes it impossible to know
whether the negative clinical outcomes were due to the exercise. A large randomized-controlled
trial is needed to separate out these effects.

CONCLUSIONS
It was feasible to recruit and retain patients with LLL secondary to cancer into a 5 month weight
training intervention. Adherence was excellent during the supervised intervention, more varied
during unsupervised intervention. Initial indications of safety with regard to swelling and
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efficacy with regard to improving physical function and strength are balanced with the
unexpected cellulitic infections, suggesting that a randomized controlled trial of this exercise
intervention should be pursued to ensure it is safe. Given recent findings of the safety of weight
training for women with arm lymphedema secondary to breast cancer23, 24, it is important that
clinicians know that these safety findings for arm lymphedema are not automatically
transferable to patients with LLL.
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Figure 1. Flow of Participants
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Figure 2. Interlimb % differences
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Figure 3. Total volume, more affected leg
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Table 1
Baseline characteristics of Participants [mean (SD) or n (%)] (N=10)

Variable

Age (y) 60.1 (7.72)

Ethnicity

 Caucasian 9 (90)

 African-American 1 (10)

Sex

 Male 3 (30)

 Female 7 (70)

Type of Cancer

 Bladder 1 (10)

 Cervical 3 (30)

 Endometrial 2 (20)

 Melanoma 3 (30)

 Uterine 1 (10)

Time since last Cancer Treatment (y) 13.05 (13.66)

Number of lymph nodes removed (N=8) 20 (4.12)

Received radiation treatment 4 (40)

Ever received intensive lymphedema therapy

 Yes 9 (90)

 No 1 (10)

Currently seeing a lymphedema therapist

 Yes 6 (60)

 No 4 (40)

Education

 High School Graduate 1 (10)

 Some College or Vocational Degree 2 (20)

 College degree 3 (30)

 Graduate or professional degree 4 (40)

Work Status

 Work full-time 2 (20)

 Work part-time 3 (30)

 Retired 4 (40)

 Disability 1 (10)

Persons living in home 2.3 (0.95)

Currently live with children 3(30)

Marital Status

 Never Married 1 (10)

 Married 5 (50)

 Divorced/Separated 4 (40)

Mode of Transportation

 Personal car 8 (80)
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Variable

 Public transit 2 (20)
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