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Is Immediate Lymphatic Reconstruction Cost-effective?

Anna Rose Johnson, MPH,* Ammar Asban, MD, MAS,T Melisa D. Granoff, BA,*
Christine O. Kang, MHS, MD,* Bernard T. Lee, MD, MBA, MPH,*
Abhishek Chatterjee, MD, MBA,T and Dhruv Singhal, MD*P<

Mini We conducted a cost-utility analysis to evaluate the cost and quality of
life of patients undergoing axillary lymph node dissection (ALND) and
ALND with regional lymph node radiation (RLNR), with and without
lymphatic microsurgical preventive healing approach (LYMPHA), in a
node-positive breast cancer population. We found that the addition of
LYMPHA to both ALND or ALND with RLNR is more cost-effective.
Objective: This manuscript is the first to employ rigorous methodological
criteria to critically appraise a surgical preventative technique for breast
cancer-related lymphedema from a cost-utility standpoint.

Summary of Background Data: Breast cancer-related lymphedema is a
well-documented complication of breast cancer survivors in the US. In this
study, we conduct a cost-utility analysis to evaluate the cost-effectiveness of
the LYMPHA.

Methods: Lymphedema rates after each of the following surgical options: (1)
ALND, (2) ALND + LYMPHA, (3) ALND + RLNR, (4) ALND + RLNR +
LYMPHA were extracted from a recently published meta-analysis. Procedural
costs were calculated using Medicare reimbursement rates. Average utility
scores were obtained for each health state using a visual analog scale, then
converted to quality-adjusted life years (QALYs). A decision tree was
generated and incremental cost-utility ratios (ICUR) were calculated. Multi-
ple sensitivity analyses were performed to evaluate our findings.

Results: ALND with LYMPHA was more cost-effective with an ICUR of
$1587.73/QALY. In the decision tree rollback analysis, a clinical effectiveness
gain of 1.35 QALY justified an increased incremental cost of $2140.
Similarly, the addition of LYMPHA to ALND with RLNR was more cost-
effective with an ICUR of $699.84/QALY. In the decision tree rollback
analysis, a clinical effectiveness gain of 2.98 QALY justified a higher
incremental cost of $2085.00.

Conclusions: Our study supports that the addition of LYMPHA to both
ALND or ALND with RLNR is the more cost-effective treatment option.

Keywords: breast cancer-related lymphedema, cost-effectiveness, cost-
utility, LYMPHA, lymphatic surgery

(Ann Surg 2021;274:e581-e588)

reast cancer is the most common malignancy facing women
living in the United States.! Advancements in early detection and
treatment of this disease have led to increased life-expectancies for
cancer survivors. Breast cancer-related lymphedema (BCRL) is a
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complication that occurs in 20% of women after breast cancer treat-
ment, and by definition, the prevalence of this condition will continue
to increase in tandem with the number of survivors living with a
treatment complication.? Independent risk factors for its development
include axillary lymph node dissection (ALND), regional lymph node
radiation (RLNR), and elevated body mass index.>"® BCRL has
significant physical, psychosocial, and economic ramifications.” In
fact, a study by Shih et al. found that the health care costs of patients
living with BCRL is double those of their non-BCRL counterparts.®
Immediate lymphatic reconstruction or the lymphatic microsurgical
preventive healing approach (LYMPHA) is a microsurgical technique
performed at time of ALND and can prevent the development of
lymphedema.®!° In studies of patients undergoing this procedure,
lymphedema rates dropped from 30% to 10% in high-risk patient
cohorts.!! Despite these promising results, insurance companies do not
currently provide coverage for this procedure. This underscores the
need to evaluate the cost-effectiveness of this procedure.

Prior studies have attempted to estimate lymphedema-associ-
ated costs and evaluate potential cost-savings associated with thera-
peutic interventions for BCRL.®1?7!6 Existing cost-analyses have
evaluated the efficacy of different conservative management strategies,
including pneumatic compression devices,'>!*1¢ complex deconges-
tive therapy,!*!> and compression bandaging!3~!'> for patients with
chronic lymphedema. These studies have identified efficacious and
cost-effective strategies to prevent symptom progression and disease
exacerbation. A study by Brayton et al. found that use of a pneumatic
compression device not only decreased health care expenditure by
$11,833/patient, but also decreased rates of hospitalization, outpatient
health costs, and incidence of cellulitis.'?> A study by Stout et al.
analyzed the efficacy of a prospective surveillance model for patients at
high risk for BCRL and found an annual cost savings of $2488.73 per
patient.!> Multiple studies have shown that the ability to detect and
manage early-stage BCRL has been associated with improved patient
outcomes.!”~1? Still, the economic impact of immediate lymphatic
reconstruction remains unknown.

Despite the promise of immediate lymphatic reconstruction
for BCRL prevention, there remains no study to date that has
analyzed its cost-effectiveness nor utility. In our current healthcare
environment, treatments must not only be efficacious, but also cost-
effective. There is an exigent need to appraise the life-long costs
associated with lymphedema and the potential cost-benefit of a
surgical technique that can prevent the onset of the most common
breast cancer survivorship burden.

In this study, we conduct a cost-utility analysis to evaluate and
compare the cost and quality of life of patients undergoing ALND
and ALND with RLNR, with and without LYMPHA, in a node-
positive breast cancer patient population.

METHODS
Case Reference

We defined our case reference as a 45-year old female patient
who has node-positive breast cancer and undergoes an ALND
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FIGURE 1. Decision tree analysis comparing ALND, with and without LYMPHA (Model 1): the green line and green circle in the
ALND and LYMPHA arm demonstrate the more cost-effective strategy. ALND indicates axillary lymph node dissection; LYMPHA,

lymphatic microsurgical preventive healing approach.

without RLNR (Model 1) or with RLNR (Model 2). Our case
reference has no previous breast or axillary surgery, or any previous
radiation to the breast and/or axilla. All patients with node-positive
breast cancer undergoing ALND were eligible for LYMPHA.
Complications of breast surgery, ALND, and RLNR, other than
lymphedema, were not tracked nor accounted for in this study.
The duration of follow up of this patient was assumed to be
12 months postoperatively.

Decision Analysis Model and Probabilities

To compare the cost-effectiveness of LYMPHA after ALND,
with or without RLNR, 2 decision trees were constructed using
TreeAge Software Pro Version 2015 (TreeAge Software, Inc., Wil-
liamstown, MA) (Figs. 1 and 2). In Model 1, a patient undergoes
ALND alone or ALND with LYMPHA. LYMPHA is a procedure
performed at the time of ALND in which divided lymphatics are
identified and anastomosed to a tributary of the axillary vein. At our
institution, the senior author (DS) performed all LYMPHA proce-
dures (x >100) in a standard fashion.

In this model and for this cost-effectiveness analysis, we
assume that a patient undergoing ALND with LYMPHA has the

same perioperative recovery as a patient undergoing ALND alone.
For each health state, the probabilities of lymphedema after ALND
with or without RLNR were obtained from pooled data from a meta-
analysis. Base-case values were also obtained by pooling the results
of all included studies.!! The means of values from the strongest
available evidence were used. The probabilities of lymphedema after
ALND without LYMPHA was 14.1% and with LYMPHA was 2.1%.
Further, the probabilities of BCRL after ALND and RLNR without
LYMPHA was 33.4% and 10.3% with LYMPHA (Supplemental
Digital Content 1, http://links.lww.com/SLA/B879).

Cost Data

In these 2 models, costs were obtained from the national
Medicare and Medicaid physician fee schedule reimbursement for
the 2018 calendar year.?’ Current Procedural Terminology (CPT)
codes used and their respective costs are summarized in Supplemen-
tal Digital Content 2, http://links.lww.com/SLA/B880. To estimate
the cost of lymphedema, annual health-care related costs (both
cancer and noncancer related) for patients who underwent surgery
with a diagnosis of BCRL and those without BCRL were sourced
from a study by Dean et al.2! All estimates were based on health care
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FIGURE 2. Decision tree analysis comparing ALND and RLNR, with and without LYMPHA (Model 2): the green line and green circle
in the ALND and LYMPHA arm demonstrate the more cost-effective strategy. ALND indicates axillary lymph node dissection;
LYMPHA, lymphatic microsurgical preventive healing approach; RLNR, regional lymph node radiation.
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FIGURE 3. One-way sensitivity analysis of ALND with and without LYMPHA. When baseline rates of postoperative incidence of BCRL
are varied, ALND with LYMPHA becomes the more cost-effective strategy when the baseline rate of BCRL is greater than 2.5% at a
WTP of $50,000. ALND indicates axillary lymph node dissection; BCRL, breast cancer-related lymphedema; LYMPHA, lymphatic
microsurgical preventive healing approach; WTP, willingness to pay.

delivery costs incurred over a 1-year time period for patients that
underwent breast cancer surgery who developed and did not develop
lymphedema.®

As LYMPHA has not been adopted by the Medicare reimburse-
ment system, institutional CPT codes were used. Similar codes for this
procedure are also recommended for use at outside institutions.?> CPT
codes for a routine course of RLNR at our institution were also used. In
our institutional experience, there have been no complications that
occurred that could be linked specifically to LYMPHA. This is
consistent with findings from a 2018 meta-analysis by Jgrgenson
et al which found a 0% complication rate after prophylactic lympho-
venous bypass for BCRL.2? Thus, complication rates (other than
lymphedema) in patients undergoing ALND and ALND with LYM-
PHA were assumed to be equal. A similar assumption was made for
complications secondary to RLNR. All costs were estimated over a 1-
year span and reported as the value of the U.S. dollar during the given
year with respect to the source of data.

Utility Data

To obtain the utilities for each health outcome, 25 surgical and
medical oncologists familiar with LYMPHA at our institution were
surveyed. The health outcomes included ALND with and without the
surgical sequelae of BCRL, and ALND with RLNR, with and
without the surgical sequalae of BCRL. Institutional Review Board
approval was obtained (2018-P-000779). Participants were queried
using a visual analog scale, a validated assessment tool for cost-
analysis research.>* Experts were provided with similar clinical
scenarios for each of the 4 health outcomes and were asked to mark
avalue on a “feeling thermometer,” that ranged from O (death) to 100
(perfect health) (Supplemental Digital Content 3, http:/link-
s.ww.com/SLA/B881). Of note, a successful surgery was defined
as 1 without the postoperative outcome of lymphedema.

The overall utility of each health state was obtained by
averaging the utility scores for each health state. These were then

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

converted to quality-adjusted life years (QALYs) which was used to
measure the effectiveness in both models. This was multiplied by the
time each patient spent in this health state (1 year). The respective
costs for each health state were also incorporated into this model and
an incremental cost-utility ratio (ICUR) was calculated.

1. ICUR = (expected cost of ALND and LYMPHA-expected cost of
ALND)/(expected QALY of ALND and LYMPHA-expected
QALY of ALND)

2. ICUR = (expected cost of ALND and LYMPHA with RLNR —
expected cost of ALND with RLNR) / (expected QALY of ALND
and LYMPHA with RLNR - expected QALY of ALND with
RLNR)

The ICUR represents the additional cost to prolong a patient’s
life by 1 year of perfect health.2> An intervention was defined as cost-
effective if the ICUR is less than the willingness to pay (WTP) for an
added year of perfect health, which we defined as less than
$50,000.26

Sensitivity Analysis

We conducted 1-way and 2-way sensitivity analyses to evalu-
ate the robustness of our model and identify points at which the
preferred surgical modality would change. Specifically, parameters
including the probability of postoperative lymphedema and the
utility of the absence and presence of lymphedema were varied.
Both probabilities were sourced from published values available in
the literature (Supplemental Digital Content 1, http://links.lww.com/
SLA/B879). This was performed to capture a threshold value at
which the ICUR exceeds WTP. The threshold value is the cut-off
value at which LYMPHA is not the cost-effective approach. A 1-way
sensitivity analysis was performed for both decision trees (ALND +
LYMPHA, ALND + RLNR + LYMPHA) (Figs. 3 and 4).

Two-way sensitivity analyses were also conducted to appraise
the effectiveness of successful surgery with or without lymphedema
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FIGURE 4. One-way sensitivity analysis of ALND and RLNR, with and without LYMPHA. When baseline rates of postoperative
incidence of BCRL are varied, ALND and RLNR with LYMPHA is the more cost-effective strategy over ALND with RLNR when the
baseline rate of BCRL is greater than 10.7% at a WTP of $50,000. ALND indicates axillary lymph node dissection; BCRL, breast
cancer-related lymphedema; LYMPHA, lymphatic microsurgical preventive healing approach; RLNR, regional lymph node radia-

tion; WTP, willingness to pay.

TABLE 1. Cost-effectiveness Results for Each Surgical Option

Costs Effectiveness Incremental Cost/QALY
Annual Cost Incremental Cost Effectiveness Incremental
Procedure ($USD) ($USD) (QALY) Effectiveness ICUR
ALND 3320 28.87
ALND + LYMPHA 5460 2140 30.22 1.35 $1587.73
ALND + RLNR 16,017 20.15
ALND + LYMPHA + RLNR 18,102 2085 23.13 2.98 $699.48

ALND indicates axillary lymph node dissection; ICUR, incremental cost-utility ratio; LYMPHA, lymphatic microsurgical preventive healing approach; QALY, quality-adjusted life

years; RLNR, regional lymph node radiation.

by varying assigned utility scores (Supplemental Digital Content 4,
http://links.lww.com/SLA/B882 and 5, http://links.lww.com/SLA/
B883). The highest and lowest utility values (and intervening range)
obtained from the expert surveys were used. In the 2-way sensitivity
analysis, results were determined for every combination from the
highest to lowest utilities to determine the point at which the other
strategy becomes more cost-effective, where all other variables in the
analysis are held constant.

Further, we also conducted probabilistic sensitivity analyses
(PSA) using a Monte Carlo Simulation to assess how uncertainty
around model parameters could affect our results. The following
variables were varied: cost of LYMPHA, utility scores for lymph-
edema and successful surgery, probability of BCRL with and
without LYMPHA, and life expectancy (number of health years
remaining). The number of health years remaining was calculated
by subtracting the average age of the patient from the average
life expectancy.

Number of health years remaining = 81.1 years — 45 years =
36.1 years.?

e584 | www.annalsofsurgery.com

RESULTS

The decision tree for Model 1 favored ALND with LYMPHA,
with an ICUR of $1587.73 per QALY (Fig. 1 and Table 1). There was
anet clinical benefit of 1.35 QALY's of ALND with LYMPHA (30.22
QALY) over ALND (28.87 QALY). There was an incremental cost of
$2140.00 associated with ALND with LYMPHA. Similarly, the
results of the decision tree for Model 2 favored ALND and RLNR
with LYMPHA, with an ICUR of $699.48/QALY (Fig. 2, Table 1).
There was a net clinical benefit of 2.98 QALYs associated with
ALND and RLNR with LYMPHA. The addition of LYMPHA was
associated with an incremental cost of $2085.00. In both models, the
addition of LYMPHA was the more cost-effective strategy, meaning
that the total annual cost of ALND with LYMPHA ($3320) and
ALND and RLNR with LYMPHA ($18,102) were below the WTP
($50,000) value with associated increment in effectiveness. This
underscores that our results favoring LYMPHA were robust. The
values and the associated annual health care costs for each health
state are listed in Table 2. The utility scores for the 4 health states
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TABLE 2. Utilities and Annual Health Care Costs Incurred
Post-surgery

Annual Post-surgery

VAS Mean Health Care
Health State (Range) Cost ($USD)*
ALND, successful surgery 84 (65-95)
ALND and RLNR, successful surgery 67 (50-90) 3324.90
ALND, with lymphedema 54 (65-95)
ALND and RLNR, with lymphedema 32 (10-55) 2792.17

“Data extracted from Dean et al.”'

ALND indicates axillary lymph node dissection; RLNR, regional lymph node
radiation; VAS, visual analog scale.

were: (1) ALND with no BCRL 84+7, (2) ALND with BCRL
53+ 12, (3) ALND and RLNR without BCRL 67 +9, and (4) ALND
and RLNR with BCRL 32 + 12 (Table 2). The survey response rate
was 100%.

One and 2-way Sensitivity Analyses

One-way sensitivity analysis revealed that ALND alone was
only more cost-effective than ALND with LYMPHA when the baseline
rate of lymphedema was assumed to be 2.5% or lower (Fig. 3). Further,
ALND and RLNR alone were only more cost-effective if the assumed
baseline rate of lymphedema was 10.7% or lower (Fig. 4).

A 2-way sensitivity analysis demonstrated the window in
which ALND without LYMPHA becomes more cost-effective. This
occurs if the utility of a successful surgery falls below 0.71, and the
utility of this procedure with lymphedema is above 0.49 (Supple-
mental Digital Content 4, http://links.lww.com/SLA/B882). It com-
pares the utility of ALND’s success in patients both with and without
lymphedema. The red-shaded region in this figure represents ALND
patients without BCRL where LYMPHA was successful. The blue
shaded area represents patients who underwent LYMPHA that
developed BCRL.

These findings were similar in Model 2 (ALND + RLNR).
ALND and RLNR without LYMPHA only becomes the more cost-
effective strategy if the utility of successful surgery with no lymph-
edema falls below 0.72 and the utility of ALND + RLNR with
lymphedema is above 0.50 (Supplemental Digital Content 5, http://
links.lww.com/SLA/B883). The baseline utility value for ALND +
RLNR and successful surgery was 0.67 (X-axis value, ranged from
0.50 to 0.90) and 0.32 (Y-axis value, ranged from 0.10 to 0.70) for
ALND + RLNR with lymphedema. The red-shaded portion repre-
sents ALND + RLNR patients without BCRL who had a successful
surgery with LYMPHA. The blue-shaded region represents patients
with BCRL who did not have a successful surgery with LYMPHA.

PSA

Using Monte Carlo simulation, we performed PSA that
included and varied all variables which have the highest impact on
Model 1 and Model 2. Our analyses demonstrated that ALND with
LYMPHA had a higher probability to be cost-effective compared to
ALND alone, with a confidence of 98% and a WTP of 50,000
(Fig. 5A). These findings remained even when the WTP was dropped
to $5000 (Fig. 5B). Similarly, the acceptability curve for ALND and
RLNR with LYMPHA had a higher probability to be cost-effective
compared to ALND and RLNR alone, with a confidence of 99% and
WTP of $50,000 (Fig. 6A). Similar to Model 1, these findings
remained when the WTP was lowered to $5000 (Fig. 6B). Supple-
mental Digital Content 6, http://links.lww.com/SLA/B884 and 7,
http://links.lww.com/SLA/B885 illustrate the distributions of gamma,
log-normal, and beta for Model 1 and Model 2, respectively.

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

DISCUSSION

The goal of this study was to evaluate the cost-utility of a
surgical procedure performed for the prevention of lymphedema in a
patient population undergoing ALND or ALND with RLNR. Our
findings demonstrated that the addition of LYMPHA to ALND and
ALND with RLNR is more cost-effective than ALND and ALND with
RLNR alone, with favorable ICURs of $1587.73/QALY and $699.48/
QALY, respectively. The substantial clinical benefit of LYMPHA
easily overcomes the cost-disadvantage, which is why our ICUR in
both scenarios had a relatively low dollar amount per QALY. Although
publications on the potential of LYMPHA have been met with positive
reviews, they have also been met with skepticism on the cost incurred
of an additional procedure that requires microsurgical expertise.
However, our findings show that it is a cost-effective procedure that
has the potential to prevent lymphedema, a costly outcome, which
has been described as the largest cancer-survivorship burden.?” This is
an important addition to the existing literature, which has mainly
focused on the cost-savings of therapeutic devices for chronic lymph-
edema.!?~1° Overall, These findings align with previous studies, as we
found an annual cost-savings associated with LYMPHA in a node-
positive breast cancer population.

In support of our findings, the 1-way sensitivity analyses
revealed that LYMPHA was no longer cost-effective when lymph-
edema rates (without the use of LYMPHA) dropped below 2.5% after
ALND and below 10.7% after ALND and RLNR. In a recent meta-
analysis, the incidence of BCRL in patients who underwent ALND is
14.1%, and in patients who underwent ALND with RLNR 33.4%."!
Our results support the use of LYMPHA in a patient population
requiring ALND, with or without adjuvant radiation.*?® Addition-
ally, our 2-way sensitivity analysis also supports our final conclusion
that the addition of LYMPHA is the more cost-effective approach. It
revealed that there was a narrow window in which the addition of
LYMPHA in both models would no longer be beneficial. Further,
when we varied all critical parameters in the decision tree, our Monte
Carlo PSA found that the addition of LYMPHA to both ALND and
ALND with RLNR was the dominant strategy, in 98% and 99% of all
microsimulations run in each respective decision tree.

Lymphedema has been described as the largest cancer survi-
vorship burden in breast cancer survivors. Using multiple, validated
quality of life metrics, cancer survivors with lymphedema score
lower than their nonlymphedema counterparts.>=33 There is a
paucity of literature evaluating the efficacy of an increasingly
popular surgical procedure for the prevention of lymphedema. As
our health care system continues to strive to contain costs, we must
critically and ethically evaluate procedures that may be associated
with both economic savings and improved surgical outcomes.>*3>
This study has noteworthy limitations including the utilization of cost
data from heterogenous sources. The majority of costs used for
analysis was extracted directly from the national Medicare and
Medicaid physician fee schedule reimbursement for the 2018 calen-
dar year (Table 2). However, LYMPHA is not currently reimbursed
by Medicare and Medicaid (or any commercial payers as of 2019).
Therefore, to estimate costs for this procedure, we utilized the
corresponding CPT codes as they are billed for LYMPHA at our
institution and according to existing guidelines for billing of lym-
phovenous bypass.® Although hospital costs such as operating room
time could have been reported, this would have been incongruent
with the remainder of our data as we aimed to report costs from a
third party-payor perspective for all 4 procedures evaluated. Addi-
tionally, 2 of the CPT codes used for RLNR had no corresponding
cost data available in the 2018 Medicare and Medicaid physician fee
schedule reimbursement database. Thus, to best estimate this cost we
used institutional reimbursement data for these CPT codes from
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FIGURE 5. A, Cost-effectiveness acceptability curve for Model 1. The probabilistic sensitivity analysis acceptability curve is shown
here. ALND with LYMPHA (red line) becomes more cost-effective than ALND alone (blue line) only when the WTP approaches
$1750 (intersection point). B, Monte Carlo probabilistic sensitivity analysis for ALND with and without LYMPHA. When all key
decision tree parameters were varied within their ranges. ALND with LYMPHA was the dominant strategy in 98.1% of all
microsimulations. ALND indicates axillary lymph node dissection; LYMPHA, lymphatic microsurgical preventive healing approach;

WTP, willingness to pay.

Medicare beneficiaries. In addition, annual costs associated with
lymphedema were extracted from another source. To capture the
lymphedema-related costs that patients incur in excess of normal
health-related costs after breast cancer surgery, we used data from
Dean et al’s 2019 study, which reported on a cohort of patients with
BCRL and a matched control group to directly compare costs,
including productivity and disability-related losses attributable to
this condition.?! The variety of sources needed to adequately capture
the costs associated with ALND, RLNR, LYMPHA, and lymph-
edema speaks to the lack of attention and analysis to lymphedema in
the literature.

Despite limitations inherent in culling data from heterogenous
cost sources, our cost-analysis approach was conservative in nature
with best efforts to represent a third-party payer perspective. Our case
reference is a 45-year-old female, who is more likely to be covered by
a private payer compared to Medicare. Therefore, costs used in our
analysis are likely to underestimate the reimbursements available to
physicians for the majority of these procedures. Additionally, we
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have attempted to overcome the limitations in our model input
parameters by performing extensive PSA. Even when the
most critical input-parameters were varied within their respective
ranges, strategies which included LYMPHA remained the most
cost-effective.

The substantial clinical benefit of LYMPHA easily overcomes
the cost-disadvantage, which is why our ICUR in both scenarios had
a relatively low dollar amount per QALY. Another limitation of our
analysis is the use of physician surveys for utility scores rather than
patient surveys. Physician data has been adequately used in previous
cost-utility analyses.?>*¢37 Additionally, patients may bias and
weigh their own negative experiences lower than other general
outcomes that they have never seen nor experienced. Another
limitation includes the costs of complications specific to the proce-
dures studied that were not incorporated because complication rates
between the 2 groups were assumed equivalent, supported by the
negligible complication rate associated with the addition of LYM-
PHA in the literature.**-%
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FIGURE 6. A, Cost-effectiveness acceptability curve for Model 2. The probabilistic sensitivity analysis acceptability curve is shown
here. ALND and RLNR with LYMPHA (red line) becomes more cost-effective than ALND alone (blue line) only when the WTP
approaches $750 (intersection point). B, Monte Carlo probabilistic sensitivity analysis for ALND and RLNR with and without
LYMPHA. When all key decision tree parameters were varied within their ranges. ALND and RLNR with LYMPHA was the dominant
strategy in 99.8% of all microsimulations. ALND indicates axillary lymph node dissection; LYMPHA, lymphatic microsurgical
preventive healing approach; RLNR, regional lymph node radiation; WTP, willingness to pay.

Finally, this analysis reports on patients as a homogenous
population, with presumed equivalent risk factors for the develop-
ment of lymphedema. Although established, independent, risk fac-
tors such as obesity and other contentious risk factors including
taxane-based chemotherapy may contribute to higher rates of lymph-
edema development in certain patients, our analysis did not directly
account for these factors. However, the effect of these risk factors in
the aggregate group is minimized by the fact that lymphedema rates
were sourced from a meta-analysis which included groups of patients
with varying risk factor profiles.!!

CONCLUSIONS

LYMPHA has demonstrated decreases in rates of BCRL, the
largest cancer survivorship burden for breast cancer survivors in the
US. It has shown particular efficacy in high-risk patient populations
undergoing ALND with adjuvant RLNR. Our study finds that the
additional costs of this microsurgical procedure can be justified from
a cost-utility perspective. This is the first study to demonstrate that
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the addition of LYMPHA to both ALND and ALND with RLNR is
the more cost-effective treatment option for node-positive
breast cancer.
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