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Abstract

Background.—Lymphedema is a chronic and debilitating condition that affects many cancer
survivors. Patient-reported outcome measures (PROMSs) can give valuable insight into the impact
of lymphedema on a patient’s quality of life and can play an essential role in treatment decisions.
This study aims to (1) identify PROMs used to assess health-related quality of life (HRQoL) in
patients with lymphedema; and (2) assess the quality of the lymphedema-specific PROMs.

Methods.—We performed a systematic search to identify articles on lymphedema, quality of
life, and PROMs. An overview was created of all PROMs used to assess HRQoL in patients with
lymphedema. The methodological quality of the lymphedema-specific PROMs was assessed using
the Consensus-based Standards for the Selection of Health Measurement Instruments (COSMIN)
criteria.

Results.—A total of 235 articles met the inclusion criteria, of which 200 described studies using
one or more PROMSs as an outcome measure in patients with lymphedema. The other 35 studies
described the development and/or validation of a lymphedema-specific PROM. The COSMIN
assessment demonstrated that none of these PROMSs met all quality standards for development.

Conclusion.—The use of PROMs in lymphedema is increasing; however, based on our findings,
we cannot fully support the use of any of the existing instruments. A well-developed lymphedema-
specific PROM, based on patient input, is needed to gain better insight into the impact of this
condition, and can be used to measure the effect of possible medical and surgical treatments.

DISCLOSURES Anne Klassen and Andrea Pusic are co-developers of the Q-PROM portfolio (including the BREAST-Q). As
such, they may recieve royalties when these PROMs are used in for-profit, industry-sponsored clinical trials. Louise Marie Beelen,
Anne-Margreet van Dishoeck, Elena Tsangaris, Michelle Coriddi, Joseph H. Dayan, and Dalibor Vasilic have no disclosures to
declare.
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Lymphedema is an increasing health problem that affects up to 250 million people
worldwide.! This condition is manifested by visible swelling, progressively decreasing
function, pain, and recurrent skin infections. In Western countries, the majority of patients
with lymphedema suffer from secondary lymphedema caused by cancer treatment, such

as lymphadenectomy or radiotherapy.2 Secondary lymphedema most frequently affects the
upper extremities following breast cancer, the lower extremities following gynecological
or urinary tract cancer, and the head and neck region following cancer treatment in this
area.2 As treatment options for cancer improve, survival rates and life expectancy continue
to increase,3 therefore more people are living longer with the adverse effects of cancer
treatment, including lymphedema.

Lymphedema is a chronic and progressive condition that affects both physical and
psychological health and social well-being, and may result in decreased health-related
quality of life (HRQoL). Previous research in patients with breast cancer showed that
patients with lymphedema report a significantly lower quality of life compared with those
without lymphedema.# Patients with lymphedema may experience limited function, pain,
anxiety of future progression, infections, and avoidance of activities they enjoy.

For this reason, improving HRQoL is an integral goal of lymphedema treatment.
Traditionally, lymphedema is treated with conservative therapy aimed only at slowing
progression. Recently, new treatment options for lymphedema have been developed, such as
lymphovenous bypass and vascularized lymph node transplantation,” that may potentially
reverse the condition and improve quality of life for the patient. However, no consensus

has been reached on the effectiveness of these new treatment options compared with the
traditional approach because the methods currently used to measure outcomes, such as
circumferential measurement or limb volume, are not sufficiently reliable.8:

Given the impact that lymphedema has on how a patient functions and feels, patient-reported
outcome measures (PROMSs) may prove to be of critical value in assessing lymphedema

care and treatment. PROMSs are questionnaires that provide valuable and comprehensive
insights into the impact a condition has on a patient from the patient’s perspective.10 A
well-developed, valid, and reliable disease-specific PROM can be used to measure important
concepts of a specific condition, as well as clinical change over time. PROMs are also
valuable in evaluating the effectiveness of treatment.

In recent years, there has been a sharp increase in the number of newly developed PROM:s.
Previously conducted reviews have focused on the outcomes and utilization of PROMs;
however, there has not been a rigorous assessment of the quality of the development and
content for these PROMs.11 The purpose of this systematic literature review was to (1)
provide an overview of the PROMSs used to measure HRQoL in patients with lymphedema;
and (2) objectively assess the development and content of the lymphedema-specific PROMs,
using the Consensus-based Standards for the Selection of Health Measurement instruments
(COSMIN) methodology.
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This systematic literature review was guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement.12

Search Strategy

A systematic search of the literature was performed to find articles relating to lymphedema,
quality of life, and patient-reported outcomes. The search strategy was designed with the
assistance of our institution’s reference librarian. The search was conducted in EMBASE,
MEDLINE, Web of Science, Cochrane Central, CINAHL (EBSCOhost), PsycINFO, Ovid,
and Google Scholar, from inception of each database until September 2019. Results were
limited to articles written in the English language. Letters, editorials, and conference
abstracts were excluded. The full search strategies can be found in the electronic
supplementary material. The reference lists of relevant articles were examined to find
additional articles.

Study Selection

Data Extract

Methodologi

Two reviewers (AvD and LB) independently examined the articles and screened the titles
and abstracts for eligibility using predetermined inclusion and exclusion criteria. The
following inclusion criteria were applied: (1) the study cohort included patients with
lymphedema; (2) the study used a multidimensional PROM measuring aspects of HRQoL;
and/or (3) the study described the development and/or validation of a lymphedema-specific
PROM. Articles were excluded when an ad hoc instrument was used (without a proper
development or validation process) or when only one health domain was measured (e.g.
pain, function).

ion

The full-text versions of the potentially included articles were reviewed using a data
extraction sheet with the following predetermined variables: PROM(s) used, type of patients,
sample size, and whether or not the article was aimed at the development and/or validation
of a PROM. The articles describing the development and/or validation of a PROM were
selected for the COSMIN quality assessment.

cal Quality Assessment

Studies aimed at the development and/or validation of a lymphedema-specific PROM were
selected for further assessment following the COSMIN criteria.13:14 These studies had to
comprise original data on one or more measurement properties of the PROM as defined in
the COSMIN taxonomy.

The COSMIN criteria were developed by Terwee et al.1* as a framework to evaluate

the methodological quality of PROM development and nine measurement properties,
including content validity, structural validity, internal consistency, cross-cultural validity,
reliability, measurement error, criterion validity, hypothesis testing, and responsiveness.
Each measurement property is rated based on standards of design requirements and
preferred statistical methods. A 4-point scoring system is used to rate each standard as ‘very
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good’, ‘adequate’, ‘doubtful’ or ‘inadequate’. The overall rating per measurement property
is determined by the lowest rating of any standard in the box.

Two independent reviewers (AvD and LB) performed the COSMIN evaluation.
Discrepancies of opinion were resolved by consensus between the two reviewers or, if

no consensus was obtained, with the help of a third reviewer (ET). The results of this
assessment were organized according to tables provided in the COSMIN user manual.1516
The percentage agreement between the two reviewers performing the COSMIN evaluation
was calculated by dividing the number of ratings with agreement by the total number

of ratings performed in this study. Based on a study on the inter-rater agreement of the
COSMIN checklist, we considered a percentage agreement above 80% appropriate.1’

Search Results

A total of 4459 articles were identified through the initial search (Fig. 1), and one additional
article was identified through review of citations.1® After the removal of duplicates, 2321
articles were screened on title and abstract and 399 articles were selected for full-text
assessment. Among these articles, 235 were included in the study. Most articles (7=

200) measured HRQoL using at least one PROM in a lymphedema study population. The
remaining 35 articles described the development and/or validation of a lymphedema-specific
PROM.

Overview of Health-Related Quality-of-Life Patient-Reported Outcome Measures (PROMSs)
Being Used in Patients with Lymphedema

Fifty-four different PROMs were used in the 200 articles assessing HRQoL in patients
with lymphedema, most of which (55%) used two or more PROMs. The PROMs used
were divided into the following groups: generic (/7= 26), oncology-specific (n = 16), and
lymphedema-specific (7= 12).

An overview of the identified PROMs and the number of times they were used can be

found in electronic supplementary Table 1. The most frequently used generic PROM was

the SF-36 (7= 54 studies) and the most frequently used oncology-specific PROMs were the
EORTC QLQ-C30 (1= 44 studies) and the EORTC QLQ-BR12 (n= 26 studies). Forty-six
studies used one or more lymphedema-specific PROMs, with the LYMQOL being used most
frequently (7= 26 studies).

Development and Validation of Lymphedema-Specific PROMs

Our literature search yielded articles describing the development and/or validation of 17
lymphedema-specific PROMs. The two lymphedema-specific PROMs for which we did not
find a development or validation article through our search were the Instituto Dermopatico
Dell Immacolata — Italian Lymphedema Association (IDI-1LA) and the Wesley Clinic
Lymphedema Scale (WCLS). The IDI-ILA was developed specifically for patients with
melanoma and was only available in Italian.19 The WCLS was developed by adapting the
Functional Living Index—Cancer questionnaire, by replacing the words “illness’ or ‘cancer’
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with ‘lymphedema’,20 and was therefore considered an ad hoc instrument. It was decided to
not include these two PROMs in the quality assessment.

For 7 of the 17 PROMs, we found articles describing their development and/or validation,
but we identified no studies using the PROM in a clinical study.21-27 We did however
decide to include these PROMs in our COSMIN quality analysis because they met our
study criteria. This explains why the list of lymphedema-specific PROMs used in clinical
studies (electronic supplementary Table 1c) differs from the list of PROMSs that underwent
COSMIN analysis (Table 1).

Overall, 35 articles describing the development or validation of 17 lymphedema-specific
PROMs were eligible for assessment using the COSMIN checklist. The articles included
13 original validation studies,18:22.24,26,28-36 foyr adaptations or revisions of existing
PROMs,23:27:37.38 gnd 18 translations of PROMs into other languages.?1:25:39-54 Taple 1
provides an overview of the assessed PROMs and their characteristics. The percentage
agreement between the two reviewers performing the COSMIN evaluation was 91%.

1 PROM Development. The PROM development process was published for
13 of the 17 lymphedema-specific PROMs. For the four other PROMS, the
development process was either presented at a conference but not published
(BCLE-SEI,%® LYMQOLS55) or the development process was not published
([S]LQOLI,25 LyQLI38).

An overview of the quality of PROM development ratings can be found in Table 2. Based on
the COSMIN criteria and 4-point rating scale, we found that the quality of the development
process was rated as doubtful for three PROMs and rated as inadequate for nine PROMS.

Part of the development process is concept elicitation, defined as “the process by which
concepts (e.g. symptoms and impacts) that are important to patients emerge spontaneously
through the use of open-ended questions in an interview setting”.5” This part was rated
inadequate or doubtful for all PROMS. Only one of the investigated PROMs, the ULL-27,
used patient interviews for concept elicitation. An overview of the methods used for item
generation and reduction per PROM can be found in Table 4.

Pilot tests or cognitive interview studies had been performed for seven of the instruments.
The criteria for the cognitive interview study included testing the comprehensibility,
conceptualizing clarity, and the comprehensiveness, as a measure of completeness. Preferred
methods to assess comprehensibility are, for example, the think-aloud method, or other
forms of cognitive interviewing.14°8 Comprehensibility was assessed in five studies, but all
used methods of inadequate or doubtful quality and gave limited insight into the retrieved
data and possible adaptations. Comprehensiveness was tested in six studies and showed
doubtful methodological quality. Reasons to grade the quality as doubtful were, for example,
questions not tested in the final form, no appropriate method (e.g. cognitive interview) used,
or unclear data analysis.

2. Content Validity. Content validity is defined as “the degree to which the content
of an instrument measures the construct(s) it purports to measure”,® and is
considered to be the most important measurement property of a PROM. In the
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COSMIN guidelines, Terwee et al.12 describe three aspects of content validity:
(1) relevance (the items of the PROM are relevant for the construct of interest
within the specific population and context of use); (2) comprehensiveness (all
key items are included); and (3) comprehensibility (patients understand all items
as intended). It is recommended that these three aspects are assessed in a study
by asking both patients and professionals. Of the 34 studies we assessed, 10
described content validity. None of these articles used adequate methods to
assess content validity and were therefore rated poorly (Table 3).

3. Measurement Properties. Subsequently, we rated the measurement properties of
the PROMs in terms of reliability, validity, and responsiveness. An overview
of the summary scores for the methodological quality of each measurement
property can be found in Table 3. The LSIDS-H&N could not be evaluated on
these terms, since only the development process of this PROM was published
and no information about its measurement properties was found.30 None of the
studies reported on cross-cultural validity, and very few studies (/7= 8) reported
on the responsiveness of the PROM. The studies that did test responsiveness used
methods of ‘doubtful” or ‘inadequate’ quality, with one exception (LyQL1I).36

Structural validity is defined as “the degree to which the scores of a PROM are an adequate
reflection of the dimensionality of the construct to be measured”.12 This measurement
property is rated on statistical method (e.g. factor analysis is recommended for studies that
take a Classical Test Theory approach) and sample size. Structural validity was rated for 18
studies, with scores varying from ‘inadequate’ (n7= 7 studies) to ‘very good’ (7= 1 study).

Internal consistency, defined as “the degree of the interrelatedness among the items” 12 is
usually assessed using Cronbach’s alpha. This was determined with high methodological
quality in almost all studies, with 32 studies being rated ‘very good’ (Table 3).

Reliability is defined as “the degree to which the measure is free from measurement error”12
and can be tested with repeated measurements in stable patients, with an appropriate time
interval, and under similar test conditions. The methods used to determine reliability in

the articles we assessed were scored as ‘inadequate’ for 24 studies, mostly because the
repeated measurements were conducted in a suboptimal manner (e.g. patients were not
stable, inappropriate time interval, different test conditions) or because inadequate statistical
methods had been used.

Measurement error, “the systematic and random error of a patient’s score that is not
attributed to changes in the construct to be measured”,12 was rated ‘inadequate’ in all of
the nine articles describing this measurement property. This rating was often based on
suboptimal repeated measurement conditions and inadequate use of statistical methods.

Criterion validity is defined as “the degree to which the scores of a PROM are an adequate
reflection of a gold standard”. It was rated in 11 studies and the quality ranged from
‘inadequate’ (7= 3) to ‘very good’ (7= 2). Construct validity (or hypotheses testing) was
most often measured by comparison of the PROM with other outcome measures (convergent
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validity, n = 28 studies) and was carried out with ‘adequate’ methodological quality in 16
studies.

4, Criteria for Good Measurement Properties. The results of each study on the
different measurement properties were extracted and are shown in electronic
supplementary Table 5. Each result was rated as sufficient (?), insufficient (=) or
indeterminate (?) following COSMIN criteria for good measurement properties.
While the previous ratings related to the methodological quality of studies
on measurement property, the criteria for good measurement properties refer
to the quality of the PROM itself. The results on the different measurement
properties show multiple results of indeterminate quality. Furthermore, we see
multiple PROMS scoring insufficiently on criterion validity and responsiveness.
Because of the limited number of validation studies per PROM, we chose not
to summarize the results and thus to not grade the total level of evidence per
PROM.

Following the COSMIN methodology, we were unable to formulate a recommendation
on the most suitable PROM, as the number of validation studies was limited and the
methodological quality of multiple studies did not meet the COSMIN standards.

DISCUSSION

In this systematic review, we have provided an overview of the various PROMSs used

to measure HRQoL in patients with lymphedema. We found a large number of different
PROMs used to measure HRQoL in this population. This breadth of PROMs implies

that there is a lack of consensus on the most suitable PROM. Moreover, this variety or
heterogeneity of PROMs makes it practically impossible to compare outcomes between
studies. This poses limitations for international research efforts aimed at improving
treatment methods and HRQoL in patients with lymphedema. Additionally, we found that
several studies used a generic PROM, although previous studies have shown-that-generic
PROMs do not adequately capture disease-specific concerns and are not suitable to measure
the effect of treatment.60-63

The second aim of this review was to assess the development and psychometric properties of
existing lymphedema-specific PROMs. To this end, we applied the COSMIN methodology.
In our assessment of the current lymphedema-specific instruments, we discovered that no
published information exists on the development process of four published lymphedema
PROMs. Moreover, none of the lymphedema-specific PROMs met all the COSMIN quality
standards for development. A major shortcoming in the development process was the lack
of patient involvement, which is an essential aspect of the development of a PROM.64.65
Patient involvement is crucial to the development of PROMSs that measure outcomes

that matter to patients. Widely recommended methods for concept elicitation include
individual interviews and focus groups.85-67 Half of the lymphedema-specific PROMs we
examined did not include any patient input in the development phase. Of the seven PROM
development studies that did include a form of patient input, only one study conducted
qualitative interviews with patients (ULL-27).18 The other six studies used a patient survey,
which may fail to adequately capture the patient’s perceptions, feelings, and viewpoints.
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Rigorous development of a PROM is a challenging and time-intensive process; however,
it is a vital step to create an adequate instrument.5®> Unfortunately, we found that most
studies have paid insufficient attention to the development phase or provided insufficient
information on their steps taken. A disease-specific PROM, able to capture the outcome
as experienced by the patient, would be highly valuable for patients with lymphedema and
caregivers.

The overall methodology of the lymphedema-specific PROM validation studies was found
to be of low to moderate quality (as demonstrated in Table 3). The PROMS that showed
the best methodological quality include the LISS, Lymph-ICF, Lymph-ICF-LL, PBI-L, and
ULL-27. Most validation studies did not report on the responsiveness of the instrument,
even though responsiveness is considered one of the major advantages of a disease-specific
PROM over a generic PROM. If an instrument has a poor ability to capture change
(responsiveness), it can result in false-negative outcomes on the effect of treatment.58
However it must be noted that a number of PROMSs have not been used in research beyond
the development phase, and it is possible that future studies reporting on responsiveness are
forthcoming.

In the literature, we identified two review articles describing an assessment of available
lymphedema PROMs. Pusic et al. reviewed PROMs evaluating QoL in patients with breast
cancer-related lymphedema (BCRL). They identified two lymphedema-specific PROMs and
found the ULL-27 to have the strongest psychometric properties.59 Their findings are in line
with our current assessment. Cornelissen et al. also performed a review of QoL PROMs

in patients with BCRL and found the Lymph-ICF and LyQLI to be the most complete

and accurate PROMs;’0 however, that study did not assess the development process of the
PROM s and did not include measurement properties other than reliability (Cronbach alpha
coefficient) in their review. The difference in findings in these two reviews emphasizes the
importance of using standardized criteria to rate PROMs, such as the COSMIN checklist,
which was developed in a Delphi study involving 158 experts from 21 countries.14 A recent
study by Coriddi et al. provides an overview of PROMs used in the evaluation of the
surgical treatment of lymphedema.! These authors found that a variety of PROMs were
used, demonstrating a lack of consensus among lymphedema researchers and the need for a
critical appraisal of the development and validation of the lymphedema-specific PROMs.

The limited ability to measure an outcome following any medical or surgical intervention
for lymphedema makes it exceedingly difficult to advance this field towards a cure. Limb
volume and patient-reported outcomes are the two most frequently used metrics, neither of
which are highly reliable. Limb volume is dynamic, can be manipulated by decongestive
therapy following any surgical or medical intervention, and is meaningless in a patient
with minimal volume difference. Consequently, there has been more recent focus on
patient-reported outcomes. However, the results in this study demonstrate that the currently
available instruments are inadequate and may not represent the totality of the patient’s
quality of life. The lack of significant open-ended patient input during the development
phase introduces bias into what is being measured. For example, most, if not all, of these
questionnaires were developed by or in collaboration with lymphedema therapists, with little
patient input.
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CONCLUSION

Lymphedema is an important and growing health problem that negatively effects HRQoL.
Currently, a number of lymphedema-specific PROMs are available for use, but most without
evidence of an adequate development process and none that met methodological quality
standards. Therefore, based on our findings in this review, we recommend the development
of a new PROM based on extensive qualitative input from patients with lymphedema, and
adequately validated in studies showing good methodological quality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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