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Abstract

Background: Data regarding pretreatment, bioimpedance spectroscopy (BIS) L-Dex® values for patients newly
diagnosed with breast cancer, and longitudinal data 12 months postoperatively are lacking. This study describes
L-Dex values at the time of breast cancer diagnosis and maximum L-Dex change within 12 months of surgery.
Methods and Results: Patients were enrolled in a parent, clinical trial that compares the effectiveness of BIS for
early detection of breast cancer-related lymphedema to tape measurement. A total of 280 women with a pretreatment
and at least one postoperative L-Dex measurement (within 12 months of surgery) were included. Pretreatment L-Dex
readings were compared with population norms and maximum L-Dex changes within 12 months were examined. An
L-Dex U400 device was used to obtain BIS measurements. The documented normative mean value using this device
is 0.00, which is at the 49th percentile for this sample. Approximately 6% of patients had a pretreatment L-Dex value
of 27.0; 1.8% had an L-Dex value >10.0. For 12 months, 17.1% (n=48) of patients had a maximum change in L-Dex
value from pretreatment of >7.0 L-Dex units, suggestive of clinical lymphedema.

Conclusions: At the time of breast cancer diagnosis, L-Dex values are similar to normative values. Identified
maximum changes in L-Dex values 12 months postoperatively suggest that frequent L-Dex measurements
during that time frame are of potential clinical benefit. Our findings are consistent with research supporting an
L-Dex value of 27 as indicative of clinical lymphedema with subclinical lymphedema logically occurring at
somewhat lower likely, near >6.5.
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Introduction limb.! At that time, tape measurement (TM)/circumferential
measurement and water displacement were two of the pri-

BIOIMPEDANCE SPECTROSCOPY (BIS) emerged as an as- mary measurement methods for arm lymphedema'? Al-
sessment tool for breast cancer-related lymphedema though convention in medicine is to use a 95% confidence
(BCRL) in the early 1990s yielding data regarding imped- interval (CI) (=1.95 standard deviation [SD] from mean) as a
ance ratios between an at-risk limb and a healthy contralateral  reference range for abnormal findings,” earlier work in BIS
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recommended a more conservative normal range for the
impedance ratios with regard to lymphedema. This range
established 3 SDs from a healthy normal ratio mean as an
indicator of lymphedema.' These ratios were later converted
to a new metric, the L-Dex® unit with an L-Dex value of +10
corresponding to 3 SDs above healthy population norms; it
should be noted that this cutoff is inferential, rather than
correlative with other diagnostic techniques.

When BIS was initially developed for use as a lymphe-
dema measurement tool, the construct of subclinical lym-
phedema was not in the scientific literature, but reports that
BIS could predict eventual development of clinical lymphe-
dema began to emerge in the early 2000s.* Based upon the
work of Stout et al. in 2008 and subsequent data, the concept
of subclinical breast cancer lymphedema was proposed.”
Specifically, Stout et al. advocated that a >3% volume change
postsurgery, in contrast to the 5%—10% change traditionally
used to diagnose clinical lymphedema, might be indicative of
subclinical lymphedema. In addition, the Stout team pur-
ported that early compression sleeve application might pre-
vent clinical lymphedema, applying such a lower threshold as
a prevention intervention trigger. BIS was also recommended
by the authors as a possible measurement method to evaluate
subclinical lymphedema.® Shortly after the completion of the
Stout study, BIS was indeed put forth as a desirable mea-
surement method to identify subclinical lymphedema.® This
positioning was based primarily on work completed by Ward
et al., which found BIS to be more sensitive than TM in
detecting lymphedema.’

Despite its established value in assessing clinical and
subclinical lymphedema, the widespread use of BIS in
clinical settings has been somewhat limited. In part, this
may be due to concerns from clinicians about the ability of
BIS to identify actual cases of lymphedema by using an
absolute quantitative value as compared with a change in
values over time. In addition, pretreatment measurement to
establish BIS baselines is not a common practice in most
clinical settings. This creates an environment in which it is
virtually impossible to routinely determine change over
time.

BIS research is rapidly advancing. Recent publications
now advocate that clinical lymphedema is present when
there is an L-Dex reading approximating 7, or alternatively,
a change 27, representative of 2 SDs above the mean es-
tablished in earlier studies (Table 1).1’4’8_” As an example,
in 2013, Fu et al. reported that the L-Dex unit ratio of >7.1
discriminated between at-risk breast cancer survivors and
breast cancer survivors with established lymphedema.'' The
team also reported that the 7.1 L-Dex unit threshold missed
20% of established lymphedema. Ward et al. reported sim-
ilar findings.® This body of work now aligns the diagnostic
standards for clinical lymphedema when using BIS with
standards commonly used across medical fields for diagnosis
of other medical conditions.® Owing to the recent timing of
this change, specific studies have yet to be conducted to
establish a clear L-Dex reading/change from baseline that is
indicative of subclinical BCRL. However, in keeping with
Stout’s original premise that subclinical lymphedema occurs
at a level below that of clinical lymphedema, these recent
findings, coupled with human ethics concerns, support the
need to consider the presentation of subclinical lymphedema
at an L-Dex reading/change of <7.1 if noninvasive, pre-
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vention interventions advocated by Stout et al. are to be
successful.’

Remaining absent in the current BIS literature are critical
data regarding normative L-Dex values for breast cancer
patients before treatment and longitudinal patterns of L-Dex
change up to 12 months after surgery, the time period when a
high percentage of those patients manifest increased swell-
ing."? These gaps leave unanswered questions that potentially
compromise patient care and the development of prospective
BCRL surveillance programs that utilize BIS to detect sub-
clinical and clinical lymphedema.

In conjunction with an ongoing stratified randomized
clinical trial, we have followed the L-Dex readings in a large
cohort of patients with breast cancer from presurgery through
12 months postsurgery. The purpose of this analysis was to
evaluate pretreatment, baseline L-Dex readings collected
prospectively as compared with established population
norms, and to evaluate maximum L-Dex changes from
each patient’s baseline L-Dex value in those with at least
one L-Dex measurement within the first 12 months postsurgery.

Materials and Methods

Patients were enrolled in a two-group, parent, randomized
clinical trial that aims to evaluate the effectiveness of BIS for
early detection and prevention of clinical lymphedema as
compared with TM. Patients were recruited from local breast
centers in Australia and the United States. Initial inclusion
criteria consisted of age =18 with histologically confirmed
stage I-III breast cancer or ductal carcinoma in situ with
planned surgery. Preliminary exclusion criteria included a
history of any type of breast cancer treatment or lymphedema
and planned bilateral surgery. The study was conducted in
compliance with the ethical standards of the Helsinki De-
claration. Institutional Review Board (IRB) and Scientific
Review Committee (SRC) approvals were both obtained
from Vanderbilt University (coordinating center) and
Vanderbilt Ingram Cancer Center before commencement
of the parent study. All sites also obtained local IRB and
SRC approvals as required. All patients provided informed
consent before data collection. To standardize and main-
tain integrity of the measurement protocol, all staff mem-
bers who conducted the BIS measurements were trained by
the first author or trainer designee personally trained by the

TABLE 1. STUDIES EVALUATING TWO STANDARD
DEVIATION THRESHOLD WITH BIOIMPEDANCE
SPECTROSCOPY

No. of Findings
Study Year patients (sensitivity | specificity)

Cornish et al. 2001 162 2 SDs 74% | 79% vs.
3 SDs 42% | 94%
Ward et al. 2011 172 2 SDs 68% | 89% vs.
3 SDs 37% | 100%
Fu et al. 2013 250 L-Dex >7.1 80% | 90%
Lahtinen et al. 2015 100 38 patients with clinical BCRL;
BIS 3 SDs 42% | 94%
Dylke et al. 2016 87 2 SDs 76%-81% | 93%-96%

BCRL, breast cancer-related lymphedema; BIS, bioimpedance
spectroscopy; SD, standard deviation.
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TABLE 2. (CONTINUED)

Characteristic n  Mean (SD) Characteristic n  Mean (SD)
Age 278 58.6 (10.6) Muscular 0 0.0%
Years of education 277 14.5 (2.8) Endocrine 73 76.4%
Immune 55 19.8%
Race 2 eea Other 3 11.9%
Black or African American 22 7.9% Any history of surgery 244 87.5%
White 211 75.4% Arms 24 10.0%
Other® 22 7.9% Shoulder 10 4.2%
Do not care to respond 6 2.1% Trunk 42 17.6%
Etthlty. . 280 “Includes one multiracial, one American Indian/Alaskan Native,
Eioslll)-:rllliipg?lﬁatino 262 9%'?? one Native Hawaiian/Other Pacific Islander, one Aboriginal/Torres
170 Strait Islander.
Do not care to respond 14 5.0%
Marital status 276
Single 32 11.6% first author. The first author made at least annual fidelity
Single, living with partner 9 3.3% oversight visits to each research location.
Married 190 68.8% Baseline assessments were conducted before any cancer
éVldowe(é %g Z;‘Z) treatment. At 2 months postsurgery, participants were cen-
Oeap;z;rate 7 2‘5(70 sored if they did not have at least one of the following:
=7 mastectomy, axillary dissection (ALND), >6 nodes removed
Employment status 277 during a sentinel node procedure, radiation therapy, or taxane
Employed full time 119 43.0% . - .
Employed part time 41 14.8% chemotherapy. .The remaining participants were randomized
Homemaker 19 6.9% within site to either BIS or TM and to be monitored at 3—6-
Retired ]2 29.6% month intervals up to 36 months postsurgery. An L-Dex
Unemployed 1 0.4% U400 (ImpediMed Limited, Brisbane, Australia) was uti-
On disability 2 0.7% lized. For BIS measurements, participants were placed in the
Other 13 4.7% supine position, and skin preparation and electrode place-
Area of residence 276 ment were per the manufacturer’s instructions.'? Based on
City/urban 69 25.0%
g&?ﬁéﬂruraysmau town 1463 g?%gj TABLE 3. CLINICAL CHARACTERISTICS AT 2 MONTHS
. POSTFINAL SURGERY
Annual household income 276
US dollars 154 55.8% Characteristic n %
$30,000 or less 10 6.5%
>$30,000 95 61.7% Breast cancer stage 280
Do not care to respond 49 31.8% DCIS 10 3.6
Australian dollars 122 442% 1 150 53.6
$30,000 or less 7 5.7% I 93 33.2
>$30,000 69 56.6% I 27 9.6
Do not care to respond 46 37.7% Surgery 280
Insurance Mastectomy . 56 20.0
Any government insurance 176  63.1% Breast conservation 224 80.0
Any nongovernment insurance 211 75.6% Axillary management 280
None 1 0.4% Yes (meeting trial entry criteria) 74 26.4
History of ever smokin 87  31.2% Any axillary dissection 64 86.5
Histog// of ever drinking alcohol 200 71.1% Any sentinel node biopsy (>6 nodes) 24 324
Current medications 278 No 206 73.6
Beta blockers 22 7.9% Radiation therapy 280
Diuretics 40 14.4% Yes 186 66.4
Oral steroids _ 6 22% Chest wall/breast 181 97.8
Nonsteroidal anti-inflammatories 70 25.1% Axilla 33 18.1
Any history of the following conditions 279 Supraclavicular fossa 10 5.5
Cardiovascular 123 44.1% No 94 33.6
Excretory 15 15.4% Taxane-based chemotherapy 280
Digestive 54 19.4% Yes 106 379
Respiratory 37 13.3% Pl d 23 217
Integumentary 54 19.4% C annel ted 27 25' 5
Nervous 32 11.5% Oﬁ{;{gfge 6 e
Skeletal 94 33.8% No 174 621

(continued)

DCIS, ductal carcinoma in situ.
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evidence at the time of the initiation of the parent study, the
initial cohort prevention intervention trigger threshold for the
L-Dex group was a change from baseline of >10L-Dex
units."*'* Participants meeting this prespecified trigger were
treated with a compression sleeve and gauntlet for 28 days at
a dose of 12 hours per day.

Statistical analysis

Frequency distributions were used to summarize the
nominal and ordinal patient characteristics. Mean and SD
summarized normally distributed continuous data; median
and interquartile range (IQR) summarized skewed distribu-
tions. Bootstrapped 95% Cls were generated around the ob-
served L-Dex baseline and change from baseline values.

Results

A total of 280 women with a baseline and at least one
L-Dex measurement within the 12-month postsurgery
timeframe period were included in this analysis. Median
follow-up for this sample was 9 months postsurgery (IQR:

Observed Value
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6-12 months) with a median of three measurements per
patient (IQR: 3—4). Patient, tumor, and treatment charac-
teristics are presented in Tables 2 and 3. Mean age for the
cohort was 58.6 years with 20% (n=>56) undergoing mas-
tectomy. With respect to axillary management, 26% (n="74)
had axillary surgery meeting inclusion criteria, with 86.5%
of those participants (n=64) undergoing ALND. Overall,
66.4% of participants (n=186) received radiation therapy
with 23.6% (n=43) receiving some form of regional nodal
irradiation. In addition, 37.9% (n=106) received taxane
chemotherapy.

Pretreatment L-Dex

Pretreatment L-Dex values are presented in Figure 1. The
distribution was slightly positively skewed with a mean value
of 0.007 and median value of 0.200, with the median felt to be
more representative due to the skew. The bias-corrected
bootstrapped 95% CI for the median pretreatment L-Dex
value was —0.500 to +0.800. The documented normative
mean value is 0.00, which is at the 49th percentile for this
sample. Approximately 6% (n=18) had a baseline L-Dex

Bootstraped 959 C.L

Lower Upper

Baseline (pre- Min=-15.3, Max=17.3

treatment)

Mean 0.01 -0.53 0.54

sD 468 4.21 5.17

Percentiles
25 -3.20 -3.6 -2.3
Median 0.20 -0.50 0.80
75 3.00 2.60 3.67
90 5.08 4.40 6.82
95 740 6.22 8.90
99 14.01 9.17 17.30
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FIG. 1. Baseline (pretreatment) assessments.
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value of 27.0 and 1.8% of participants (n=>5) had an L-Dex
value >10.0.

Maximum 1-year change L-Dex

Summaries of the maximum change in L-Dex values within
the first year after surgery are presented in Figure 2. Maximum
change was noted at a median of 6.0 months postsurgery. The
IQR for maximum change from pretreatment was 4—9 months
postsurgery, indicating that 50% of the participants reached
maximum change within that time period, yet 25% had max-
imal change before 4 months and 25% between the 9 and 12
months postsurgery time interval studied. The median maxi-
mum L-Dex change was 2.10 with a bias-corrected 95% CI of
+1.55 to +3.00. Based on the observed changes in this sample,
<10% (7.5%) of participants diagnosed and treated for breast
cancer would be expected to have a volume change of 10%
from baseline or an L-Dex unit change of 10 (current criteria
based on normative values). Twenty percent of these women
would be expected to have a change 26.5 L-Dex units (95%
CI=5.50-7.30) and 15% a change of >7.4 L-Dex units (95%
CI=6.50-8.40). In our sample, 17.1% (n=48) had a change in
L-Dex value from baseline of =7.0 L-Dex units.

Observed Value
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Conclusions

This study provides information regarding absolute L-Dex
values present in women newly diagnosed with breast cancer.
Findings from the baseline pretreatment data in this study
demonstrate a variability that is only slightly larger (4 units as
compared to 3 units) than the previously documented abso-
lute normative L-Dex values, yet due to skewness, only 6% of
women within this population can be expected to have an
absolute L-Dex value of >7.0. Thus, based on absolute L-Dex
values, our findings do not support pre-existing lymphedema
as a common occurrence in women newly diagnosed with
breast cancer.

In addition to better defining pretreatment L-Dex readings
among women with breast cancer, readings from this large
cohort were obtained up to 12 months postsurgery. This
represents the largest study known to date that has longitu-
dinally examined L-Dex measurements over this period.
Change in L-Dex readings from a known pretreatment L-Dex
baseline rather than an absolute L-Dex value is currently
used in both research and clinical settings to trigger further
assessment and possible intervention for those with breast
cancer, but prospective data from such a large cohort have
been limited. During the 12 month follow-up period, 17.1%

Bootstraped 93%: C1.

Lower Upper

::af:n;z ::':_Btz]'-'”"" Min = -10.8, Max=49.5

Parcentiles
23 0.20 0.78 0.40
Median 210 L6 300
= 5.50 465 6.47
% 5.09 7.70 1037
- oy 5.80 16.38
) 21.81 16.65 4550

Py L Des Shange Vem Bevelew Fo 00 Werdia]
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-

FIG. 2. Maximum change L-Dex (<~ 1 year postsurgery).
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of the 280 participants in this study had a maximum L-Dex
change of 27.0 L-Dex units from their respective individual
baseline value. This is consistent with recent changes in
lymphedema diagnostic criteria using L-Dex, and in agreement
with recent publications, and suggests a significant percent-
age of individuals may develop clinical or subclinical lym-
phedema within a few short months of completing
surgery.*®~!! Historically, rates of lymphedema have varied
significantly with different measurement methods, timing of
measurement, and criteria for diagnosis, so direct compari-
sons with previous studies are difficult.'""'* The 17.1% rate of
clinical lymphedema identified in this study is higher than
the 11.4% rate found in a previous study utilizing BIS;
however, the previous study that found a rate of 11.4% used
a higher absolute value of 3 SDs above normative as the
criteria for diagnosis and assessed the first 6 months post-
surgery and, therefore, a higher rate of BCRL would be
expected with the use of a more sensitive criteria and a
longer period of follow-up.'” The BCRL rate in this study is
also slightly higher than the rate of 16% reported 1-year
postsurgery as determined by a maximum increase in arm
circumference as measured by TM, which may be attributed
to the higher sensitivity of BIS than TM."> However, the
current results are well within the 7%-70% rates of lym-
phedema within the first 6 months of treatment noted in a
review article and within the assumed rate (based upon eli-
gibility criteria for study enrollment) used to power the parent
study of 20%."°

The maximum change in L-Dex readings ranged from
—10.08 through 49.95. Some baseline values were high;
therefore, a decrease in these values over time was anticipated
in some participants. The initial high L-Dex values in a subset
of the participants do raise questions as to the biological
mechanisms underlying these elevated baseline readings.
Another important finding from this analysis is that 6 months
postsurgery was the median time to when maximum L-Dex
change occurred. Given consistent data that demonstrate that
early detection of lymphedema improves patient outcomes,
aggressive measurement with L-Dex at a frequency greater
than every 6 months, that is, every 3 months, especially during
the first 6-12 months postsurgery, is recommended to facili-
tate identification of subclinical lymphedema and support
early diagnosis of clinical lymphedema.>'*'%-17

Recent publications have established a lower L-Dex
threshold for clinical lymphedema, and are consistent with 2
SDs above the mean rather than 3 SDs, to increase the sen-
sitivity to detect clinical lymphedema (Table 1). Therefore,
based upon careful evaluation of our findings, Stout et al.’s
previous work, protection of human subject considerations,
and the recent revised diagnostic threshold of >7.0 L-Dex
units for clinical lymphedema,*®!'! we recommend that an
L-Dex change from baseline approximating >6.5, rather
than =10, be considered to best capture subclinical lym-
phedema in those with a history of breast cancer. Although
future studies may more precisely define the subclinical
threshold, use of this recommended lower threshold may
enhance the potential success of prevention interventions
in the breast cancer population at risk for developing
lymphedema.

Findings in this study should be considered in light of
its limitations. The median follow-up for this cohort of
participants is short; however, this should have no impact on
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initial L-Dex values or maximum change in L-Dex values
during the first year. In addition, although there were few
events in this cohort, because of the fact that the analysis
looked at maximum change, this is not likely to influence the
results presented. Finally, the study from which these par-
ticipants were evaluated continues to accrue with completion
expected in early 2018 with results to be published thereafter.
In the meantime, these results support the integration of L-
Dex measurements in the clinical surveillance of breast can-
cer survivors at risk for developing clinical lymphedema. Our
findings do not contradict the recent body of work supporting
a change to the use of an absolute L-Dex value of =7 (repre-
sentative of ~2 SDs from normative mean values of ‘‘0”’) as
indicative of lymphedema.*”~'! In light of the present data
and these studies, IRB and SRC approvals were obtained to
modify the prevention intervention trigger in the parent study
from =10 L-Dex unit change to 6.5 L-Dex units.
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