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ABSTRACT

Patients treated for breast cancer are at
risk of developing breast cancer-related lym-
phedema (BCRL). A significant proportion of
patients treated for breast cancer are opting to
undergo a contralateral prophylactic mastecto-
my (CPM). Currently, it remains unclear as to
whether the relative volume change (RVC)
equation may be used as an alternative to the
weight adjusted change (WAC) equation to
quantify BCRL in patients who undergo CPM.
In order to simplify BCRL screening, our
cohort of patients who underwent a CPM
(n=310) was matched by BMI to a subset of pa-
tients who underwent unilateral breast surgery
(n=310). Arm volume measurements were ob-
tained via an optoelectronic perometer preope-
ratively, postoperatively, and in the follow-up
setting every 6-12 months. The correlation of
ipsilateral RVC and WAC values for those
who underwent bilateral surgery was calcula-
ted (r=0.60). Contralateral WAC values for
patients in both cohorts were compared, and
there was no significant difference between the
two distributions in variance (p=0.446). The
RVC equation shows potential to be used to
quantify ipsilateral postoperative arm volume
changes for patients who undergo a CPM.
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However, a larger trial in which RVC and
WAC values are prospectively assessed is
needed.

Keywords: breast cancer, breast cancer-rela-
ted lymphedema, contralateral prophylactic
mastectomy, screening

Roughly one in five women diagnosed
with breast cancer will develop breast cancer-
related lymphedema (BCRL) (1-3). BCRL is
characterized by protein-rich fluid accumula-
ting in interstitial space, resulting in regional
swelling (3). Established risk factors for BCRL
include axillary lymph node dissection (ALND)
(4-9), regional lymph node radiation (RLNR)
(9-12), and a body mass index (BMI) > 30
kg/m? at time of breast cancer diagnosis (13-
15). BCRL cannot be cured, and patients are
at risk for a lifetime (6). Because of this, at
Massachusetts General Hospital (MGH), pa-
tients undergoing treatment for breast cancer
are prospectively screened for BCRL. To
properly screen for and diagnose BCRL, we
consider objective arm volume measurements
in tandem with patient-reported outcome
measures and clinical examinations. To obtain
arm volume measurements, we utilize an opto-
electronic Perometer. The Perometer uses in-
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frared light beams to measure arm volume,
which has been demonstrated to be a reliable
and valid way to assess limb volume changes
that may be attributed to lymphedema (16,17).
Patients undergo bilateral arm measurements
preoperatively, postoperatively, and every 6-
12 months in accord with their oncology fol-
low-up visits.

Because the volume of one's arms may
change with exercise, behavior, hydration, and
weight gain or loss, accurate assessment of
BCRL depends on comparison to volume of
the contralateral arm as well as pre-operative
measurements. Therefore, in 2010, our team
developed the Relative Volume Change (RVC)
equation to quantify arm volume changes in
patients undergoing unilateral breast surgery
(16). This equation assesses changes in the
ipsilateral arm from pre-operative baseline in
relation to changes in the contralateral arm
from pre-operative baseline. In short, the RVC
= [(A2U1/(U2A1) - 1], where A1 and A: are the
ipsilateral arm volumes at pre- and postopera-
tive visits, respectively, and U; and U are the
contralateral arm volumes at pre- and postop-
erative visits, respectively. However, because
the RVC relies on the volume of the contrala-
teral arm as a control, the equation was initial-
ly created only for patients undergoing unila-
teral breast surgery. We therefore developed a
second equation, the Weight Adjusted Change
(WAC) equation, in 2013, in an effort to quan-
tify arm volume changes in patients undergo-
ing bilateral breast surgery (18). The WAC
equation uses a patient's overall weight as a
control, rather than the volume of the contra-
lateral arm. The WAC = [(A:W1/(W2A)) - 1],
where A1 and A: are the ipsilateral arm vol-
umes at pre- and postoperative visits, respec-
tively, and W1 and W: are the weights at pre-
and postoperative visits, respectively.

Therefore, at MGH, two separate equa-
tions (the RVC and the WAC) are currently
used to quantify patients' arm volume changes
throughout and beyond treatment for breast
cancer. For patients who undergo unilateral
surgery, the RVC equation is a more accurate
tool for assessing arm volume changes than
the WAC equation because one's contralateral
arm is a better control than one's overall
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weight. For patients who undergo bilateral
breast surgery, theoretically, neither arm can
act as a control, making it difficult to accu-
rately assess swelling of the ipsilateral arm.
However, this cohort of patients can be subdi-
vided into two groups: those who are diag-
nosed with bilateral breast cancer, and those
who are diagnosed with unilateral breast can-
cer but opt to undergo a CPM. For patients
who are diagnosed with bilateral breast can-
cer, both arms are at risk of developing BCRL
given bilateral nodal surgery +/- RLNR. There-
fore, the WAC equation is the most appropri-
ate method to screen this cohort for BCRL as
there is no "contralateral arm" to act as a con-
trol. However, for the subset of patients who
are diagnosed with unilateral breast cancer
but opt to undergo a CPM, it is unclear as to
whether the RVC may be used to assess ipsila-
teral arm volume changes. If the RVC can ac-
curately quantify arm volume changes in pa-
tients undergoing CPM, the screening process
for BCRL would be simplified. The majority
of patients could be screened with the RVC
equation, reserving the WAC equation for the
small percentage of patients diagnosed with
bilateral breast cancer.

Women diagnosed with unilateral breast
cancer are increasingly opting for a CPM
(CPM), even though the incidence of contrala-
teral breast cancer has remained constant over
time (19-21). Patients generally opt for a CPM
as it greatly reduces the risk of developing
contralateral breast cancer (22-24). Despite
the growing size of this unique patient popula-
tion, health care providers still lack a means to
confidently screen them for BCRL. On the one
hand, the contralateral arm does undergo a
mastectomy. However, if the mastectomy does
not cause swelling of the contralateral side,
that arm may be able to act as a pseudo-con-
trol (25). In this case, the RVC would likely be
a better tool for these patients. Therefore, the
purpose of this study is to determine whether
the RVC equation may be used to screen pa-
tients who undergo a CPM for BCRL.

MATERIALS AND METHODS

Patient Population
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TABLE 1

Demographics and Treatment-Related
Characteristics of the Entire Cohort

Number
(Range or Percent)

Age* 51.5(24.8, 85.8)
BMI* 24.5(17.6,47.1)
Stage

0 98 (15.8%)

1 288 (46.5%)

2 153 (24.7%)

3 79 (12.7%)

4 2 (0.3%)
Mastectomy 370 (60.0%)
ALND 191 (30.8%)
Total LN sampled* 2(0,34)
RLNR 189 (30.5%)
Chemotherapy

Neoadjuvant 116 (18.7%)

Adjuvant 250 (40.3%)
Time of measurement 27.3 (0.9, 127.6)
(months after surgery)*

From 2005 to 2017, patients undergoing
treatment for primary breast cancer were
screened for breast cancer-related lymphede-
ma. All women were recruited at the time of
initial presurgical consultation in our multi-
disciplinary breast oncology clinic. Each pa-
tient had a preoperative bilateral arm meas-
urement and at least one postoperative bilate-
ral arm measurement. Patients were excluded
from analysis if they were diagnosed with or
later developed bilateral breast cancer. Of the
overall screened population, 340 patients un-
derwent a CPM. We then matched this cohort
of 340 patients to our cohort of patients who
underwent unilateral breast surgery by preop-
erative BMI and time of measurement (months
after surgery), resulting in two cohorts of 310
patients each. Thirty patients in the CPM co-
hort could not be matched to anyone in the
unilateral cohort, resulting in their exclusion.
Demographic information on the entire (com-
bined) cohort is described in 7able 1. All hu-
man subject work has been approved by the
IRB [#2008P00054 by the Partners Human
Research Committee (Institutional Review
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Board)] and oral informed consent for BCRL
screening for participation in the research
study was obtained at preoperative visit.

Statistical Analyses

Chi square and Wilcoxon rank sum tests
were used to compare categorical and continu-
ous demographic and treatment-related risk
factors between the cohort of patients who un-
derwent unilateral surgery and the cohort of
patients who underwent bilateral surgery with
a CPM. An RVC and a WAC for the ipsilate-
ral arm was calculated at one follow-up visit
for each of the 310 patients who underwent a
CPM. These values were plotted against one
another, and the coefficient of determination
(R2) as well as the correlation coefficient (r)
were calculated.

Next, a WAC for the contralateral arm
was calculated for both the bilateral and unila-
teral cohorts. To determine if the volume of
the arm on the side of the CPM fluctuates to a
greater extent than the contralateral arm of
patients who underwent unilateral surgery,
the distribution of contralateral WAC values
of the bilateral cohort was compared to the
distribution of those of the unilateral cohort
using Levene's test of equal variances. All
statistical analyses were performed using
RStudio version 1.2.1335.

RESULTS
Demographics

Because the two cohorts were matched
based on BMI and time of measurement, they
did not differ in terms of these variables; the
cohorts had a median BMI of 24.5 and 24.4
kg/m? (unilateral and CPM groups, respective-
ly) (p=0.625) and a median measurement fol-
low-up of 27.0 months after surgery (p=0.469)
However, the two groups did differ in terms of
other variables. In comparison to patients who
underwent unilateral breast surgery, those who
received a CPM were significantly younger
(46.3 vs. 57.6, p < 0.001) and underwent much
more aggressive treatment for the affected
side; a higher percentage of patients under-
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TABLE 2
Demographics and Treatment-Related Characteristics of the Two Cohorts
Patients who underwent Patients who underwent
unilateral surgery contralateral prophylactic
(n=310) mastectomy (n=310)
Age* 57.7 (32.8,85.8) 46.3 (24.8,73.6) <0.001
BMI* 24.5(17.6,47.1) 24.4 (17.6,46.1) 0.625
Stage
0 53 (17.1%) 45 (14.5%) <0.001
1 170 (54.8%) 118 (38.1%)
2 61 (19.7%) 92 (29.7%)
3 24 (7.7%) 55 (17.7%)
4 2 (0.6%) 0
Chemotherapy
Neoadjuvant 28 (9.0%) 88 (28.4%) <0.001
Adjuvant 95 (30.6%) 155 (50.0%) <0.001
Measurement follow-up time 27 (0.9,107.1) 27.0 (1.0, 127.6) 0.469
(months after surgery)*
For the unaffected side
Reconstruction NA 297 (95.8%) NA
SLNB NA 187 (60.5%) NA
Total LN sampled* NA 1(0,5) NA

-Abbreviations: ALND, axillary Ilymph node dissection; SLNB, sentinel lymph node biopsy; LN, lymph nodes;

RLNR, regional lymph node irradiation.

-p-values calculated were calculated via chi-square tests for categorical variables and via Wilcoxon signed-rank

tests for continuous variables.
*Median value shown.

went ALND (40.6% vs. 21.0%) as well as
RLNR (42.3% vs. 18.7%). Similarly, patients
who underwent a CPM were more likely to
undergo both neoadjuvant (28.4% vs. 9.0%)
and adjuvant chemotherapy (50.0% vs. 30.6%).
These differences can be explained by the fact
that women in the CPM cohort were of overall
higher stage (p<0.001) (7able 2).

In our cohort, the proportion of unilate-
rally affected patients undergoing a CPM
gradually increased each year from 2005-2017,
reaching a maximum of 30.3% in 2014 (Fig 1).
Across all years, the incidence of CPM was
15.8%, which is in line with reported incidenc-
es in the literature (19,26).

Ipsilateral RVC vs. Ipsilateral WAC - Bilateral
Cohort

An RVC value and a WAC value were

calculated for all patients who underwent a
CPM (n=310 patients, 310 measurements, in
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which each measurement has 1 RVC value
and 1 WAC value). RVC and WAC values
were plotted against one another and the R2
value was calculated (R2 = 0.36) (Fig. 2). Fur-
thermore, a Pearson correlation coefficient
was also calculated (r = 0.602, p<0.001), indi-
cating that RVC and WAC values do not cor-
relate strongly enough to be used interchange-
ably.

Changes in the Unaffected Arm Vs. the Pro-
phylactic Mastectomy Arm

The result of Levene's test demonstrates
that there was no significant difference bet-
ween the two distributions in variance (p=
0.446). These distributions are listed in 7able 3
and may be visualized in Fig 3. Therefore, we
conclude that throughout treatment, the vol-
ume of the arm on the side of the CPM chang-
es in a near-identical way to an arm on a side
that did not undergo any surgery.
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504

Year Incidence
S 2005 23%
E 404 2006 5.8%
o 2007 5.8%
&-; ] 2008 11.9%
@ 2009 7.5%
2 204 2010 9.3%
8 2011 13.5%
2 104 2012 17.5%
- 2013 21.7%
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2014 30.3%
Year 2015 26.7%
2016 21.9%
—— CPM —= SLNB - No nodal surgery 2017 21.4%

Fig. 1. Incidence of contralateral prophylactic mastectomies in the cohort of unilaterally affected patients in years
2005 to 2017.

404

R squared = 0.36
- r = 0.60, p<0.001
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WAC (%)
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Fig. 2. Correlation of WAC versus RVC values for the affected arm in the cohort who underwent a contralateral
prophylactic mastectomy.
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TABLE 3
Distribution of WACs of the Contralateral Arm
Percentile
0 25 50 75 100 p-value
Unaffected arm* -20.8% -2.9% 0.2% 3.7% 39.4% 0,446
CPM arm®** -16.3% -2.2% 1.0% 4.9% 24.3%

*Refers to the contralateral arm of patients who underwent unilateral surgery.
**Refers to the contralateral arm of patients who underwent bilateral surgery.
-Abbreviations: WAC, weight adjusted change; CPM, contralateral prophylactic mastectomy.
-p-value was calculated via Levene’s test of equal variances.

0.08
0.06
i Cohort
‘© 0
% 0.04 - Bilateral
a Unilateral
0.02
0.00 -
20 40

0

WAC of Contralateral Arm (%)

Fig. 3. WAC values of contralateral arms for patients in the bilateral or unilateral cohorts.
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DISCUSSION

As an increasing number of women opt
to undergo a CPM, it is more important than
ever to determine how to best screen this co-
hort of patients for BCRL (24,26,27). While
ipsilateral arm volume changes of these pa-
tients are traditionally quantified by the WAC
equation, we sought to determine if the RVC
may be used to simplify screening in this co-
hort. Ultimately, the basis of answering this
question was whether or not the contralateral
arm could act as an appropriate control in the
RVC equation. The results of our analysis re-
garding changes in the unaffected arm vs. the
prophylactic mastectomy arm indicate that
there was no significant difference between the
distributions of contralateral WACs in terms
of variance in the two cohorts.

The results of these analyses demon-
strate that the arm on the side of the prophy-
lactic mastectomy is at low risk of developing
BCRL. Therefore, the arm on the side of the
CPM may act as a better controlling variable
than the patient's weight for calculating the
level of swelling of the ipsilateral (affected)
arm. In other words, the RVC equation may
be an option for screening arm volume chang-
es for the arm on the side of diagnosed cancer
for those who opt to undergo a CPM. To reit-
erate, the RVC equation determines the extent
to which the arm on the affected side changes
in volume since preoperative baseline, relative
to the contralateral arm. Meanwhile, the WAC
equation uses one's overall body weight as the
controlling variable, instead of the contralate-
ral arm. Of note, the RVC equation should not
be used for patients who undergo bilateral sur-
gery for bilateral breast cancer. In this scenar-
io, both breasts are likely to receive extensive
oncologic treatment, such as ALND or RNLR,
resulting in an elevated risk of BCRL on both
sides. For these patients, the WAC equation
should be used to monitor volume changes of
both arms.

This study is not without limitations.
One of the major shortcomings is that the co-
horts were not matched by all relevant demo-
graphic and treatment related variables. An
ideal study would match both cohorts not only
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by BMI at preoperative baseline and timing of
measurements, but also by age at preoperative
baseline and percentage of patients undergo-
ing both neoadjuvant and adjuvant chemo-
therapy. In addition to this, we did not collect
information on the lifestyle habits of each pa-
tient throughout their treatment for breast
cancer. Because lifestyle habits may contribute
to arm volume changes in the contralateral
arm, this would have been useful information
to include in the analyses (28-31). Further-
more, there are other potential risk factors for
BCRL such as postoperative seroma or celluli-
tis that we did not consider.

Altogether, our results suggest that the
RVC equation may be used to quantify arm
volume changes of the ipsilateral arm for pa-
tients who undergo a CPM. However, a larger
prospective trial is needed, in which patients
are measured at regular intervals and a WAC
and RVC are calculated at each visit. At every
visit in which an RVC or WAC of 2> 10% is
discovered, the patient should be seen by a
Certified Lymphedema Therapist (CLT) to
determine BCRL diagnosis through integra-
tion of symptoms, clinical examination, and
RVC or WAC. BCRL diagnosis should not be
based on arm volume changes alone; symp-
toms and clinical examination should be inte-
grated with WAC or RVC values to determine
whether or not a patient has developed BCRL.
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