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Abstract
Background
Breast cancer-related lymphedema (BCRL) imposes a significant economic burden on patients, providers, and society. There is no curative therapy for BCRL, but management through self-care can reduce symptoms and lower the risk of adverse events.

Main body
The economic burden of BCRL stems from related adverse events, reductions in productivity and employment, and the burden placed on non-medical caregivers. Self-care regimens often include manual lymphatic drainage, compression garments, and meticulous skin care, and may incorporate pneumatic compression devices. These regimens can be effective in managing BCRL, but patients cite inconvenience and interference with daily activities as potential barriers to self-care adherence. As a result, adherence is generally poor and often worsens with time. Because self-care is on-going, poor adherence reduces the effectiveness of regimens and leads to costly treatment of BCRL complications.

Conclusion
Novel self-care solutions that are more convenient and that interfere less with daily activities could increase self-care adherence and ultimately reduce complication-related costs of BCRL.

Keywords
Breast cancer-related lymphedemaEconomic burdenCancer survivorsQuality of lifeSelf-careEconomic benefitEconomic burdenComplicationsPneumatic compression device
Abbreviations
	BCRL
	Breast cancer-related lymphedema

	CDT
	Complex decongestive therapy

	LVI
	Lymphedema volume increase

	MLD
	Manual lymph drainage

	NPCD
	Non-pneumatic compression device

	PCD
	Pneumatic compression devices




Background
Economic impact of BCRL
As many as 40% of breast cancer survivors may develop breast cancer-related lymphedema (BCRL) [1] where protein-rich fluid accumulates in the ipsilateral upper extremity, causing swelling, pain, and fatigue. In 2021, De Vrieze et al. published an analysis of the costs associated with treating BCRL in Belgium, [2] less than 2 years after an overlapping group of authors published a review of eight studies that assessed the financial burden of BCRL on patients and society [3]. The conclusions of both were the same: BCRL imposes a significant economic burden upon patients, payers, and society. The authors reported €2249 ($2449 in 2021 USD) and up to USD$3165 in average direct healthcare costs for a year of decongestive lymphatic treatment (DLT), including up to USD$2574 by patients; indirect costs to patients (e.g., lost wages, reduced productivity, etc.) could be as high as USD$5545 per year [2, 3]. In one of the studies reviewed by the authors, 2.3% of more than 56,000 lumpectomy/mastectomy-treated patients experienced at least one hospitalization for complicated lymphedema within 2 years, with these patients incurring an additional $26,269 in healthcare costs during that time period [4]. Others have also demonstrated the significant economic burden of BCRL. For example, in a matched cohort analysis of working-age women with breast cancer, patients with BCRL incurred $8,290 more costs, on average, during the first 2 years of cancer treatment, as compared to survivors without BCRL [5]. Notably, De Vrieze and colleagues suggest that some studies likely underestimate costs or include an incomplete assessment of total costs incurred, [3] and that, often, indirect costs related to variables like transportation and loss of productivity, which can be substantial, are often omitted [2].
As an example of the indirect costs, more than two in five (42%) individuals with BCRL report that lymphedema has negatively impacted their work performance; among those with severe lymphedema, the percentage is 75% [6]. Additionally, those with lymphedema leave the workforce more often than those without. In a study of breast cancer patients by Bulley et al., the rate of work stoppage was more than twice as high in lymphedema patients (15.5% versus 6.1%) [7]. Indirect costs can also stem from caregiver burden. When severe, lymphedema requires significant time and effort from non-medical caregivers; as arm disability, pain, grip strength, and lymphedema duration increase, so does the burden on caregivers [8].
In this commentary we aim to explore how poor adherence to self-care contributes to this cost, the barriers associated with self-care, and how novel self-care solutions could reduce BCRL-related costs by improving patient adherence to reduce the risk of BCRL complications.


Main text
Treatment of BCRL and related cost avoidance
The current “gold standard” of care for lymphedema involves complex decongestive therapy (CDT), consisting of manual lymph drainage (MLD), the use of compression bandaging and garments, meticulous skin care, and remedial exercise [9]. CDT is composed of an intensive phase under the direct care of trained lymphedema therapists, followed by the maintenance self-care phase carried out by the person with BCRL. Long-term self-care is necessary to maintain limb health and avoid related complications. In addition to CDT, pneumatic compression devices (PCDs) can be used as a self-care strategy to help reduce limb volume and improve outcomes.
The use of PCDs has been linked to significantly lower costs and lower utilization in this population. Specifically, with use of PCDs, studies have reported reductions in hospitalizations, outpatient visits, urgent care visits, documented episodes of cellulitis, and utilization of physical therapy resources [10–12]. For example, in a study of 374 cancer patients (76% breast cancer survivors), the adjusted rate of outpatient hospitalizations dropped from 58.6 to 41.4% after treatment with a PCD (p < 0.001); and total adjusted outpatient lymphedema-related costs dropped from USD$1517 to USD$694 (p < 0.001) [12]. A retrospective claims analysis of over 1,000 cancer-related lymphedema patients observed that PCD use was associated with reductions in hospitalization rates from 45 to 32% (p < 0.0001), outpatient hospital visits from 95 to 90% (p < 0.0001), and physical therapy use from 50 to 41% (p < 0.0001); average healthcare costs dropped more than $11,000 per patient (p < 0.0001) [10]. These reflect reductions in yearly healthcare costs of 22% to 37% in the year after acquiring a PCD [10, 12]. Notably, these results are not unique to BCRL. A study of secondary lymphedema more generally and the impact of pneumatic compression on lower extremity lymphedema at a single health center reported a reduction in the average number of hospitalizations for lymphedema-associated complications from 0.84 to 0.16 per patient per year, resulting in $3200 in savings per patient [11].

Barriers to adherence to self-care
Unfortunately, overall adherence to self-care (use of compression garments, use of PCDs, etc.) is poor [13–15] and declines with the length of time since lymphedema diagnosis and with edema severity [16, 17]. For example, when 141 breast cancer survivors were asked about various BCRL self-care modalities, only 60% of individuals with compression garment prescriptions actually wore the garments; and while 72.5% reported adhering to skin care regiments at least 75% of the time, only 30% reported that same level of adherence for bandaging, lymphatic drainage, and PCD use [13]. The reasons for non-adherence are numerous. Patients have cited time constraints, discomfort, and the inconvenience of treatments as barriers to self-care adherence [15, 18]. Additionally, when patients feel that self-care treatments interfere with daily activities, they are less likely to be adherent [19]. There are long-standing concerns that the discomfort and inconvenience of compression garments may reduce adherence to their use [20]. A review of the lymphedema-related literature identified several barriers to self-care adherence, including the complexity of treatment regimens, symptom burden, and a lack of education and support [14].
These self-care barriers mirror those cited in the literature that relate to the general problem of chronic disease self-management. Studies of a variety of chronic diseases suggest that when patients believe self-management tasks are time-consuming, inconvenient, complex, or burdensome, they are less adherent to self-care [21]. For those who self-manage lymphedema after the intensive treatment phase conducted by professional lymphedema therapists, treatment adherence is an important factor for treatment success. One study reported that treatment failure rates (defined as lymphedema volume increase (LVI) of at least 50% of the total reduction obtained during the intensive phase) was 38% at 1 year, 53% at 2 years, and 65% at 4 years. More importantly, non-compliance with the use of compression garments was associated with the likelihood of treatment failure [22].

A novel self-care solution as an opportunity to improve adherence
Clinical and economic research clearly demonstrates that lymphedema imposes a significant burden on patients and the healthcare system. Self-management is a life-long commitment, and key to managing limb health and avoiding complications. Pneumatic compression as an adjunct to CDT may be an important component of self-care, but adherence has been shown to be poor. Technologies that reduce disruptions to daily life may increase adherence to self-care that subsequently result in improvements in patient outcomes. Medical device and medical technology companies seek to improve patient care through the development of innovative solutions that confer both a clinical and economic benefit. Recently, Koya Medical, Inc. (a company the authors have helped to advise) developed and tested a novel non-pneumatic compression device (NPCD) against a traditional PCD in a randomized cross-over trial [23]. The NPCD was designed to incorporate patient mobility, so that patients could remain active during compression therapy. Study subjects overwhelmingly preferred the NPCD, were significantly more adherent to its use, and confirmed that it allowed them to remain active and even exercise while wearing the NPCD. Quality-of-life metrics improved with the NPCD, while they remained static with the PCD. Clinically, subjects achieved significantly greater reductions in limb edema with the NPCD than they did with the PCD. In short, the NPCD produced better clinical and quality-of-life outcomes with better adherence and patient satisfaction. Innovations, such as the NPCD, that incorporate mobility can serve as an important opportunity to increase adherence to self-care. This type of innovative solution supports the patient, reduces complication-related health encounters, as well as costs, among lymphedema patients, and ultimately improves outcomes.


Conclusions
Patient-centered innovations for individuals with BCRL can improve adherence to self-care and reduce complications and costly healthcare utilization. The pursuit of additional novel solutions to support self-care may confer both clinical improvements and economic savings. As evidenced by the novel NPCD, such solutions can ultimately reduce costs by improving patients’ ability to manage their BCRL.

Author contributions
PKM contributed to the concept, drafting, and editing content for manuscript preparation. RS, SGR, CAS, and EC contributed by writing and editing content of the manuscript. JMA contributed to editing content as an expert in the field and reviewed the manuscript. All authors read and approved the final manuscript.

Funding
The authors declare that no funds, grants, or other support were received during the preparation of this manuscript.

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
PKM serves as a paid advisor to Koya Medical, serves as a consultant to Mayo Clinic for unrelated work and holds an executive position and equity in Xanthos Health, which is developing health information technology applications in social drivers of health unrelated to this work. CAS serves as a paid consultant to Koya Medical. SGR serves as a paid medical advisor to Koya Medical. JMA serves as an unpaid research consultant to Koya Medical. RS serves as an unpaid advisor to Koya Medical. EC serves as an unpaid therapist advisor to Koya Medical.


References
	1.
Norman SA, Localio AR, Potashnik SL, Simoes Torpey HA, Kallan MJ, Weber AL, Miller LT, Demichele A, Solin LJ. Lymphedema in breast cancer survivors: incidence, degree, time course, treatment, and symptoms. J Clin Oncol. 2009;27:390–7. https://​doi.​org/​10.​1200/​jco.​2008.​17.​9291.CrossrefPubMedPubMedCentral

	2.
De Vrieze T, Gebruers N, Nevelsteen I, Tjalma WAA, Thomis S, De Groef A, Dams L, Haenen V, Devoogdt N. Breast cancer-related lymphedema and its treatment: how big is the financial impact? Support Care Cancer. 2021;29:3801–13. https://​doi.​org/​10.​1007/​s00520-020-05890-3.CrossrefPubMed

	3.
De Vrieze T, Nevelsteen I, Thomis S, De Groef A, Tjalma WAA, Gebruers N, Devoogdt N. What are the economic burden and costs associated with the treatment of breast cancer-related lymphoedema? A systematic review. Support Care Cancer. 2020;28:439–49. https://​doi.​org/​10.​1007/​s00520-019-05101-8.CrossrefPubMed

	4.
Basta MN, Fox JP, Kanchwala SK, Wu LC, Serletti JM, Kovach SJ, Fosnot J, Fischer JP. Complicated breast cancer-related lymphedema: evaluating health care resource utilization and associated costs of management. Am J Surg. 2016;211:133–41. https://​doi.​org/​10.​1016/​j.​amjsurg.​2015.​06.​015.CrossrefPubMed

	5.
Shih YC, Xu Y, Cormier JN, Giordano S, Ridner SH, Buchholz TA, Perkins GH, Elting LS. Incidence, treatment costs, and complications of lymphedema after breast cancer among women of working age: a 2-year follow-up study. J Clin Oncol. 2009;27:2007–14. https://​doi.​org/​10.​1200/​JCO.​2008.​18.​3517.CrossrefPubMed

	6.
Boyages J, Kalfa S, Xu Y, Koelmeyer L, Mackie H, Viveros H, Taksa L, Gollan P. Worse and worse off: the impact of lymphedema on work and career after breast cancer. Springerplus. 2016;5:657. https://​doi.​org/​10.​1186/​s40064-016-2300-8.CrossrefPubMedPubMedCentral

	7.
Bulley C, Coutts F, Blyth C, Jack W, Chetty U, Barber M, Tan CW. Prevalence and impacts of upper limb morbidity after treatment for breast cancer: a cross-sectional study of lymphedema and function. Cancer Oncol Res. 2013;1:30–9.Crossref

	8.
Giray E, Akyüz G. Assessment of family caregiver burden and its relationships between quality of life, arm disability, grip strength, and lymphedema symptoms in women with postmastectomy lymphedema: a prospective cross-sectional study. Eur J Breast Health. 2019;15:111–8. https://​doi.​org/​10.​5152/​ejbh.​2019.​4385.CrossrefPubMedPubMedCentral

	9.
Mayrovitz HN, Weingrad DN, Davey S. Tissue dielectric constant (TDC) measurements as a means of characterizing localized tissue water in arms of women with and without breast cancer treatment related lymphedema. Lymphology. 2014;47:142–50.PubMed

	10.
Brayton KM, Hirsch AT, B PJO, Cheville A, Karaca-Mandic P, Rockson SG. Lymphedema prevalence and treatment benefits in cancer: impact of a therapeutic intervention on health outcomes and costs. PLoS ONE. 2014;9:e114597. https://​doi.​org/​10.​1371/​journal.​pone.​0114597.CrossrefPubMedPubMedCentral

	11.
Desai SS, Shao M, Vascular Outcomes C. Superior clinical, quality of life, functional, and health economic outcomes with pneumatic compression therapy for lymphedema. Ann Vasc Surg. 2020;63:298–306. https://​doi.​org/​10.​1016/​j.​avsg.​2019.​08.​091.CrossrefPubMed

	12.
Karaca-Mandic P, Hirsch AT, Rockson SG, Ridner SH. The cutaneous, net clinical, and health economic benefits of advanced pneumatic compression devices in patients with lymphedema. JAMA Dermatol. 2015;151:1187–93. https://​doi.​org/​10.​1001/​jamadermatol.​2015.​1895.CrossrefPubMed

	13.
Brown JC, Cheville AL, Tchou JC, Harris SR, Schmitz KH. Prescription and adherence to lymphedema self-care modalities among women with breast cancer-related lymphedema. Support Care Cancer. 2014;22:135–43. https://​doi.​org/​10.​1007/​s00520-013-1962-9.CrossrefPubMed

	14.
Ostby PL, Armer JM. Complexities of adherence and post-cancer lymphedema management. J Pers Med. 2015;5:370–88. https://​doi.​org/​10.​3390/​jpm5040370.CrossrefPubMedPubMedCentral

	15.
Erdinç Gündüz N, Şahin E, Dilek B, Ellidokuz H, Akalın E. Adherence to compression garment wear and associated factors among patients with breast cancer-related lymphedema: a pilot study from a Turkish tertiary center. Lymphat Res Biol. 2022;20:665–70. https://​doi.​org/​10.​1089/​lrb.​2021.​0091.CrossrefPubMed

	16.
Alcorso J, Sherman KA, Koelmeyer L, Mackie H, Boyages J. Psychosocial factors associated with adherence for self-management behaviors in women with breast cancer-related lymphedema. Support Care Cancer. 2016;24:139–46. https://​doi.​org/​10.​1007/​s00520-015-2766-x.CrossrefPubMed

	17.
Jiang W, Chen L. Analysis of the factors and moderating role of self-care ability among patients with breast cancer-related lymphedema. J Clin Nurs. 2022. https://​doi.​org/​10.​1111/​jocn.​16495.CrossrefPubMedPubMedCentral

	18.
Brown JC, Kumar A, Cheville AL, Tchou JC, Troxel AB, Harris SR, Schmitz KH. Association between lymphedema self-care adherence and lymphedema outcomes among women with breast cancer-related lymphedema. Am J Phys Med Rehabil. 2015;94:288–96. https://​doi.​org/​10.​1097/​PHM.​0000000000000178​.CrossrefPubMedPubMedCentral

	19.
Zhao H, Wu Y, Zhou C, Li W, Li X, Chen L. Breast cancer-related lymphedema patient and healthcare professional experiences in lymphedema self-management: a qualitative study. Support Care Cancer. 2021. https://​doi.​org/​10.​1007/​s00520-021-06390-8.CrossrefPubMedPubMedCentral

	20.
Harris SR, Hugi MR, Olivotto IA, Levine M. Clinical practice guidelines for the care and treatment of breast cancer: 11 lymphedema. CMAJ. 2001;164:191–9.PubMedPubMedCentral

	21.
Schreiner N, DiGennaro S, Harwell C, Burant C, Daly B, Douglas S. Treatment burden as a predictor of self-management adherence within the primary care population. Appl Nurs Res. 2020;54:151301. https://​doi.​org/​10.​1016/​j.​apnr.​2020.​151301.CrossrefPubMed

	22.
Vignes S, Porcher R, Arrault M, Dupuy A. Factors influencing breast cancer-related lymphedema volume after intensive decongestive physiotherapy. Support Care Cancer. 2011;19:935–40. https://​doi.​org/​10.​1007/​s00520-010-0906-x.CrossrefPubMed

	23.
Rockson SG, Whitworth PW, Cooper A, Kania S, Karnofel H, Nguyen M, Shadduck K, Gingerich P, Armer J. Safety and effectiveness of a novel non-pneumatic active compression device for treating breast cancer-related lymphedema, a multi-center randomized, crossover trial (NILE). J Vasc Surg Venous Lymphat Disord. 2022. https://​doi.​org/​10.​1016/​j.​jvsv.​2022.​06.​016.CrossrefPubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Lymphedema self-care: economic cost savings and opportunities to improve adherence


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





