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Abstract

Objectives. Distress with self-perceived changes in appearance
and function can result in body image disturbance (BID), which
is common in head and neck cancer (HNC) survivors and a
major source of psychosocial morbidity. To address the lack of
psychometrically sound patient-reported outcome mea-
sures (PROMs) of HNC-related BID, we aim to create and
validate the Inventory to Measure and Assess imaGe
disturbancE—Head & Neck (IMAGE-HN).

Study Design. Survey study.
Setting. Multiple academic centers.

Subjects and Methods. Following item development, HNC sur-
vivors from 4 academic centers completed the IMAGE-HN.
Item responses were psychometrically analyzed using confirma-
tory factor analysis (CFA) and Rasch analysis.

Results. Item development resulted in a 31-item PROM consist-
ing of 5 individual domains and a global domain. In total, 305
HNC survivors of diverse ages, HNC subsites, and reconstructive
paradigms completed the initial items. After removal of 3 items
for local dependence, CFA confirmed the unidimensionality and
local independence (item residual correlations <|0.20|) for each
domain. Rasch analysis indicated acceptable fit (infit and outfit
mean squares <2.0), monotonicity of all rating scale categories,
and low person misfit (<4%). Person separation indices and
person reliability were adequate for each domain except appear-
ance concealment, which was removed (4 items). This resulted in
the IMAGE-HN, a psychometrically acceptable 24-item PROM of
HNC-related BID consisting of a global scale and 4 subscales
measuring unique constructs and comprised independent items.

Conclusions. IMAGE-HN is a novel, psychometrically sound,
multidomain PROM of HNC-related BID for use in clinical
and research settings.

Keywords

head and neck cancer, appearance, disfigurement, body
image, survivorship, pyscho-oncology, patient reported out-
come measure, PROMIS

Received December 10, 2019; accepted March 18, 2020.

ead and neck cancer (HNC) arises in cosmetically

and functionally critical areas, including the tongue,

mandible, larynx, pharynx, neck, and face. Optimal
treatment of HNC incorporates various combinations and
sequences of surgery, radiation, and cytotoxic chemother-
apy.' As a result of HNC and its treatment, debilitating changes
in highly visible and socially significant parts of the body are
common and persist as late and long-term treatment toxicity.>
Self-perceived disfigurement and appearance concerns as well
as distress with functional impairments in smiling, swallowing,
and speaking can result in substantial psychosocial morbidity,
including depression,® anxiety,” suicide,’ and concerns about
body image.>” These negative self-perceived changes in appear-
ance and function, when severe, result in body image distur-
bance (BID).” BID is prevalent in HNC survivors, associated
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with social isolation, stigmatization, and depression, and can
have a devastating negative impact on quality of life (QOL).®

BID, because of its subjective nature and poor correlation
with observer-rated measures of disfigurement,”'® is optimally
measured by a patient-reported outcome measure (PROM).
Unfortunately, psychometrically sound PROMs to measure
HNC-related BID are lacking.'' Existing studies evaluating
BID in patients with HNC have had to rely on PROMs primar-
ily intended to measure image concerns in non-HNC patient
populations that may fail to reliably capture appearance
and functional concerns relevant to patients with HNC.'! To
address this gap, we aimed to develop and validate the
IMAGE-HN (Inventory to Measure and Assess imaGe
disturbancE—Head & Neck), a novel multidomain PROM for
the assessment of HNC-related body image concerns in the
clinical and research settings.

Methods
Study Design

The IMAGE-HN was developed in accordance with the
Patient Reported Outcomes Measurement Information System
(PROMIS) guidelines for the development and validation of
PROMs.'? Steps in the process include (1) comprehensive lit-
erature search to identify existing measures, (2) qualitative
work to assess domain coverage, (3) cognitive interviewing of
items for feedback on language and item clarity, (4) confirma-
tion of domain factor structure and item analysis using Rasch
analysis, and (5) validity testing of the final instrument. We
have published our literature review (step 1)'' and qualitative
work (step 2).'*> The current study describes the cognitive
interviewing and confirmation of factor structure and item
analysis (steps 3-4).

Instrument Development

Instrument development was guided by our conceptual
framework of 5 key domains of HNC-related BID: (1) other-
oriented appearance concerns (OOA; verbal and nonverbal
reactions by others to the appearance of patients with HNC),
(2) personal dissatisfaction with appearance (PDA; HNC
patients’ dissatisfaction with their appearance), (3) distress
with functional impairments (DFI; challenges related to
speaking, swallowing, oral competence, etc), (4) appearance
concealment (AC; attempts to camouflage the head and
neck), and (5) social avoidance and isolation (SA; avoidance
of social interaction due to image concerns).'> We then
drafted items for each of the 5 scale domains using patient
quotes or key vocabulary from our qualitative work.'* An
item stem was developed (“‘Because of the way that HNC or
its treatment has changed my body . . .”’) so that the scale
could be used pretreatment and longitudinally thereafter,
addressing limitations of prior PROMs.'* An item response
set was selected from PROMIS preferred options to assess
frequency (never, rarely, sometimes, often, always),'? corre-
sponding to a Likert scale of 0 to 4.

These items were reviewed for content validity and clarity
by 18 content experts (a multidisciplinary group of HNC
clinicians) from 12 academic medical centers. We performed

cognitive interviews with HNC survivors (n = 11) using
standard techniques'” to ensure optimal item content rele-
vance, vocabulary, complexity, clarity, and readability. The
31-item, preliminary IMAGE-HN then underwent multi-
institution validation by HNC survivors. The study was
approved by the Medical University of South Carolina
(MUSC) Institutional Review Board. A waiver of written
informed consent was granted for the validation portion of
the study.

Validation Study Participants and Procedures

To enhance external validity of IMAGE-HN by enrolling a
sample diverse with respect to demographic, clinical, and
geographic considerations, patients were recruited from mul-
tidisciplinary HNC clinics within National Cancer Institute
(NCI)—designated cancer centers at 4 tertiary care academic
medical centers (MUSC, Baylor College of Medicine,
University of Pittsburgh Medical Center, and Washington
University School of Medicine). Eligibility criteria included
(1) >18 years of age, (2) history of surgically managed
HNC, and (3) no known active, untreated disease. Of the
309 eligible subjects approached for the study, 305 (98.7%)
enrolled; 2 declined due to insufficient time, 1 for inability
to use the technology and 1 for reasons unknown. At all 4
sites, patients with HNC were screened for eligibility and
enrolled during routine posttreatment or survivorship clinic
visit. Using an electronic tablet, participants completed the
31-item IMAGE-HN and a self-report demographic and clin-
ical questionnaire. Participants received $10 for completing
the IMAGE-HN. Researchers at each site were trained to
ensure consistent patient selection, accrual, and question-
naire administration.

Confirmatory Factor Analysis

Confirmatory factor analyses (CFAs) were conducted fol-
lowing PROMIS specifications to determine the degree to
which items in each domain represented a single unidimen-
sional construct.'* This includes input of a polychoric correla-
tion matrix for participants with complete data (N = 305;
100%) and use of robust diagonal weighted least squares esti-
mation.'® A range of model fit indices was examined, includ-
ing root mean square error of approximation (RMSEA),
standardized root mean square residual (SRMR), comparative
fit index (CFI), and Tucker-Lewis index (TLI). Standardized
factor loadings were examined to evaluate the relationship
between the item and latent construct; factor loadings >|0.32]
were interpreted as a statistically significant relationship.'’
Item residual correlations were examined for local depen-
dence; items with residual correlations >|0.20| were inter-
preted as locally dependent. If items were found to have local
dependence, the item with the lowest factor loading on the
latent construct was removed. CFA was conducted in R using
package “‘lavaan.”

Rasch Analysis

Once a unidimensional set of items for each IMAGE-HN
domain was identified, separate Rasch analyses were
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performed. Rasch analysis is a state-of-the-art technique rec-
ommended for developing novel PROMs'? that compares
observed patient responses with predicted responses at the
item level.'® Separate Rasch analyses using a rating scale
model and joint maximum likelihood estimation were con-
ducted using WINSTEPS (Winsteps.com), version 3.90.0.28.
First, the appropriateness of the rating scale was evaluated
using the following criteria: (1) at least 10 observations of
each category, collapsed across all items; (2) monotonicity
of rating scale categories (ie, 0-4), as evidenced by an
increase in average category difficulty with increasing cate-
gory value; and (3) outfit mean square is <2.0. Second, the
fit of the items and persons to the Rasch model was evalu-
ated by examining infit and outfit mean squares and standar-
dized z values. Any items or persons with mean square
values >1.60 and standardized z values greater than 2.0
were considered indicative of misfit to the Rasch model."
Third, reliability indicators were examined, including (1)
person reliability, which represents the reproducibility of
person ordering and was interpreted such that values >0.5
were considered adequate, >0.80 were considered good, and
>0.90 were considered high,?® and (2) the separation index,
which was used to calculate the number of statistically distinct
ability strata in the sample. The number of person strata is cal-
culated according to the formula (4 * G + 1)/3, where G is the
person separation index and is an indicator of the number of
statistically distinct person measures with centers 3 calibration
errors apart.”! Ideally, a measure would be able to separate
respondents at least into “‘high,” “medium,” and “low’” on the
latent construct.?' Test targeting, test coverage, and item hierar-
chy were examined visually using person-item maps.

Global Domain

After identifying psychometrically sound sets of items in
each IMAGE-HN domain, we sought to determine whether a
global domain existed for the purpose of generating a single
overall measure. First, we performed a single-factor CFA
by combining remaining items from all domains together.
We evaluated the same model fit indices described above
(ie, RMSEA, SRMR, CFI, TLI) and identified locally depen-
dent items (residual correlations >|0.20]). Instances of local
dependence were addressed by eliminating items from the
global domain with the highest residual correlations with the
greatest number of items, allowing us to retain as many
items as possible. Once we identified a unidimensional set of
items without local dependence, we performed a Rasch anal-
ysis using joint maximum likelihood estimation and a rating
scale model as described above (ie, evaluation of the rating
scale, person and item fit, reliability indicators, item hierar-
chy, and test targeting and coverage).

Results

A total of 305 participants were included in the study and
completed the IMAGE-HN, of whom 301 provided demo-
graphic and oncologic information (Table I). The median
age was 65.3 years (range, 21-92); 70.4% were male (212/
301), 42.9% had oral cavity cancer (129/301), 61.8% had

Table 1. Sociodemographic and Oncologic Characteristics of the
Study Cohort (N = 301).*

Characteristic No. (%)
Age, median (range), y 65.3 (21-92)
Sex
Female 89 (29.6)
Male 212 (70.4)
Race
White 251 (83.4)
African American 34 (11.3)
Asian 5(1.7)
More than | race/prefer not to answer 11 (3.7)
Ethnicity
Non-Hispanic 278 (92.4)
Hispanic 8(2.7)
Prefer not to answer 15 (5.0)
Insurance
Private 104 (34.6)
Medicare 162 (53.8)
Medicaid or self-pay 23 (7.7)
Other 12 (4.0)
Marital status®
Married/current partner 204 (68.0)
Single/separated/divorced/widowed 96 (32.0)
Living situation®
Spouse 196 (65.3)
Parents/children/friends 33 (124)
Self 55 (18.3)
Other 16 (5.3)
Educational attainment®
Less than high school 27 (9.0)
High school graduate 85 (28.4)
Some college 77 (25.8)
College graduate 69 (23.1)
Graduate school 41 (13.7)
Employment®
Part or full-time paid work (including at home) 83 (27.1)
Unemployed Il (3.7)
Disability 54 (17.9)
Retired 153 (50.8)
Rurality®
Rural 117 (39.0)
Suburban 147 (49.0)
Urban 36 (12)
Tumor location
Oral cavity 129 (42.9)
Oropharynx 50 (16.6)
Larynx/hypopharynx 38 (12.6)
Sinonasal 6 (2.0
Unknown primary 8 (2.6)
Major salivary gland 20 (6.6)
Facial cutaneous malignancy 50 (16.6)
Cancer treatment
Surgery 115 (38.2)
(continued)
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adjuvant therapy (186/301), and 60.1% underwent microvas-
cular reconstruction (181/301).

CFA

CFA supported the unidimensionality of the 5 hypothesized
domains of HNC-related BID: OOA, SA, PDA, AC, and
DFL" The final models for each of the 5 specific domains
demonstrated acceptable model fit indices (Table 2). The
initial CFA revealed that 2 domains, DFI and PDA, had
local dependence concerns. After removing 2 items from the
DFI domain and 1 from the PDA domain, the unidimension-
ality of all domains was established. All items in the 5
IMAGE-HN domains had a significant relationship with the
latent construct (as determined by standardized factor load-
ings >|0.32|; see Suppl. Table S1 in the online version of the
article) and were locally independent (item residual correla-
tions <|0.20]|; data not shown).

Rasch Analysis

A summary of the Rasch analysis results is provided in
Table 3. Examination of the rating scale indicated accepta-
ble fit (infit and outfit mean squares <2.0) and monotonicity
of all rating scale categories. All items in all domains
demonstrated adequate fit to the Rasch model as evidenced
by infit mean squares <1.60 and standardized residuals
(standardized z values) <2.0. Person fit demonstrated low
levels of significant misfit to the model in any domain (2%
in SA and AC, 4% in DFI). Floor effects ranged from 12%
(DFI domain) to 36% (PDA domain); ceiling effects were
minimal. Separation indices and person reliability were
acceptable or better for each domain except AC (separation
index, 0.82; person reliability, 0.40). Strata calculation
revealed that the OOA, PDA, and DFI domains separated per-
sons into 2 groups—those who had higher and those who had
lower scores on each construct. Because of its inadequate
separation index, person reliability, and strata calculations, the
AC domain was removed from IMAGE-HN as an individual
domain and component of the global domain. The Rasch item
measures and fit statistics for each individual domain are
shown in Supplemental Table S2 (in the online version of the
article). Overall, the mean person measures (ranging from
19.41-33.44) were substantially lower than the mean item
measure (anchored at a score of 50), which suggests the pres-
ent sample was skewed toward having low scores (see Suppl.
Figure S1 in the online version of the article).

Global Domain

A global IMAGE-HN domain consisting of items from the
OOA, SA, PDA, and DFI domains was analyzed with a
single-factor CFA. Local dependence was observed for 1
item from the SA domain and 2 items from the DFI domain.
These 3 items were removed, leading to improved fit indices
in the final model for the global domain (Table 2). No local
dependence was observed (ie, all residual correlations were
<|0.2]), and all items had standardized factor loadings
>|0.32| on the global domain (see Suppl. Table S1 in the
online version of the article).

Table 1. (continued)

Characteristic No. (%)
Surgery and adjuvant radiation 98 (32.6)
Surgery and adjuvant chemoradiation 88 (29.2)

Reconstructive surgery
None 102 (46.2)
Local or regional flap 13 (4.3)
Microvascular free flap 181 (60.1)
Other 5(1.7)

Osseous microvascular free flap reconstruction
No 259 (86.0)
Yes 42 (14.0)

Time since completion of treatment
0-6 months 119 (39.5)
6-12 months 49 (16.3)
12-24 months 52 (17.3)
>24 months 81 (26.9)

Academic medical center
Baylor College of Medicine 39 (13)
Medical University of South Carolina 206 (68.4)
University of Pittsburgh Medical Center 28 (9.3)
Washington University School of Medicine 28 (9.3)

®N = 301 due to missing information.
®N = 300 due to missing information.
“N =299 due to missing information.

Rasch analysis of the global domain revealed the rating
scale met all criteria for acceptable fit, number of observa-
tions, and monotonicity of rating scale categories (Table 3).
Approximately 6.5% of participants demonstrated significant
misfit to the model. Person reliability was adequate (0.80),
and the strata calculation revealed that the global domain
separated respondents into 3 statistically distinct groups—
those with high, medium, and low HNC-related BID. While
no ceiling effects were observed, approximately 10% of par-
ticipants achieved the lowest possible score. The Rasch item
measures and fit statistics for the global domain are in
Supplemental Table S2 and Supplemental Figure S1 (in the
online version of the article).

Discussion

Herein we describe the creation and multi-institution valida-
tion of the IMAGE-HN, a novel, psychometrically sound,
24-item, multidomain PROM consisting of 4 subscales and a
global scale that can be used to measure key aspects of HNC-
related BID' in clinical and research settings (see Suppl.
Table S3 for IMAGE-HN scoring information in the online
version of the article). Although BID is a common in patients
with HNC and a key driver of psychosocial morbidity,* to
date, clinicians have lacked tools to identify patients with
HNC-related BID in a clinical setting. In addition, significant
gaps in the epidemiology, prevention, and management of
BID in patients with HNC remain,> in part, because of the
lack of a validated, psychometrically robust PROM of HNC-
related BID in the research setting.>'! Without such a tool,
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Table 2. Confirmatory Factor Analysis Model Fit Statistics for Each IMAGE-HN Domain and the Global Domain.

Personal Distress with
Other-Oriented Social Avoidance  Dissatisfaction Appearance Functional
Fit Statistic Appearance and Isolation with Appearance Concealment Impairments Global
Comparative fit index 0.93 0.97 0.97 0.96 0.95 0.84
Tucker-Lewis index 0.90 0.95 0.92 0.88 0.93 0.82
Root mean square error of approximation 0.06 0.05 0.10 0.08 0.08 0.06
Standardized root mean square residual 0.03 0.03 0.0l 0.03 0.04 0.05
Abbreviation: IMAGE-HN, Inventory to Measure and Assess imaGe disturbancE-Head & Neck.
Table 3. Rasch Analysis Results Summary for Each IMAGE-HN Domain and Global Domain.
Personal Distress with
Other-Oriented Social Avoidance Dissatisfaction Appearance Functional
Criterion Appearance and Isolation with Appearance Concealment Impairments Global
Item fit 717 6/6 4/4 4/4 717 20/21
Person misfit, % 3.0 2.3 42 2.3 3.9 6.6
Ceiling, % 0.3 0.3 1.3 0.7 0.7 0.3
Floor, % 31.8 354 36.4 544 12.1 9.8
Mean person measure 19.69 19.41 22.86 3248 33.44 29.76
Separation index 1.34 1.09 1.70 0.82 1.57 2.01
Person reliability 0.64 0.55 0.74 0.40 0.71 0.80
No. of person strata 2.12 1.78 2.60 1.43 243 3.0l
Cronbach’s a 091 0.89 0.91 0.76 0.88 0.95

Abbreviation: IMAGE-HN, Inventory to Measure and Assess imaGe disturbancE-Head & Neck.

scientists have been limited in their ability to advance our
understanding of the epidemiology (eg, diagnostic characteris-
tics, risk factors, temporal trajectory) of this disorder, accu-
rately identify patients with HNC with clinically meaningful
image-related distress, recruit patients of comparable BID
severity into trials to test novel interventions to manage BID,
or assess the effectiveness of interventions in this population.
The IMAGE-HN thus addresses a critical unmet need for
measuring image concerns in patients with HNC in the clini-
cal and research realms.

PROMs enhance the delivery of patient-centered HNC
care? and result in improved symptom control, higher levels
of patient satisfaction, and decreased mortality when incor-
porated into clinical oncology practice.”>** The paradigm
shift toward measuring BID using PROMs, which harness
the patient’s words and experiences, has been reinforced by
the recognition that BID in patients with cancer is not driven
primarily by objective measures of disfigurement.”'® The
IMAGE-HN can facilitate patient-centered care by providing
clinicians with a comprehensive and accurate method of
quantifying information about the multidimensional nature
of HNC-related BID.

The IMAGE-HN addresses a number of methodologic
and content deficiencies in existing PROMs used to assess
image concerns in patients with HNC. To date, researchers
have relied on PROMs developed for and validated in non-
HNC patient populations to assess BID among HNC survi-
vors.'! For example, the Body Image Scale, the most widely

used PROM to assess BID in patients with HNC,'! was
developed based on qualitative work with patients with
breast cancer and providers and validated in patients with
breast cancer."® The lack of content validity of the Body
Image Scale for HNC-related BID manifests in its failure to
address key HNC image concerns (eg, eating in public, chal-
lenges speaking) and its inclusion of items unrelated to
HNC-related BID (eg, ““Did you find it difficult to look at
yourself naked?’’). The IMAGE-HN, with its 4 subscales
and a global domain confirmed by CFA that map to the con-
ceptual domains of HNC-related BID identified in our quali-
tative work,'> provides for a robust and comprehensive
assessment of the diverse and heterogeneous facets of BID
experienced by patients with HNC.

Recently, the McGill Body Image Concerns Scale—Head
and Neck Cancer (MBIS-HNC), a novel PROM to measure
image concerns in patients with HNC, was published.*> This
validated 2-domain instrument was based on extensive quali-
tative work,?® underwent rigorous psychometric analysis,?
and represents a significant improvement of prior PROMs to
measure HNC-related BID. However, a few limitations that
may hinder its utility. Patients were recruited from a single
academic medical center, limiting external validity of study
findings. In addition, the most common subsite/histology
among subjects was facial skin cancer, which is not repre-
sentative of the target HNC patient population. CFA model
fit indices reflected inadequate model fit with the 3-factor
solution, and the final MBIS-HNC consists of only 2 of the 4
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originally hypothesized domains, suggesting that it may not
be measuring key aspects of HNC-related BID.'*?*?7 The
method by which the authors progressed from the 3-factor
CFA solution to 2 domains in the Rasch analysis is also not
readily apparent. In contrast, the IMAGE-HN was validated
using a multi-institutional cohort in a representative sample
of patients with HNC. The IMAGE-HN comprehensively
measures multiple domains that are of high priority to
patients with HNC in a fashion that is psychometrically
robust.

The major strengths of this study include its extensive
qualitative background, rigorous approach using PROMIS
methodology, multi-institutional validation, and robust Rasch
psychometric analysis. Nevertheless, the study has limitations.
First, Rasch analysis confirmed an important floor effect for
the IMAGE-HN. Whether the floor effect is a result of an
intrinsically psychometrically imperfect instrument or the
result of the validation sample being skewed toward less
severe HNC-related BID cannot be known. Future work iden-
tifying clinically relevant values for the IMAGE-HN domains
and global score will help address this potential limitation.
Although the IMAGE-HN is a psychometrically sound
PROM capable of separating patients into person strata based
on the latent construct, further research is necessary to deter-
mine clinically relevant minimal important differences
between individuals at a given point in time as well as the
association of demographic and oncologic characteristics with
BID severity as measured by the IMAGE-HN. In addition,
longitudinal studies will be necessary to determine clinically
meaningful changes in IMAGE-HN scores for an individual
over time. Although our study was multi-institutional in
nature and included patients diverse by demographic and clin-
ical characteristics, a single institution (MUSC) accounted for
two-thirds of the patient accrual, which could limit external
validity. Further studies validating the IMAGE-HN in other
geographic regions and different cultures will therefore be cri-
tically important. While the tablet-based completion of the
IMAGE-HN was feasible, data about time required to com-
plete the PROM, optimal method of delivery, and strategies
for integration into the clinical setting are all lacking and
should be addressed in the future.

Conclusions

The IMAGE-HN is a novel, psychometrically sound, 24-
item, multidomain PROM for assessing BID in patients with
HNC that has been validated in a multi-institutional cohort.
The IMAGE-HN, consisting of 4 subscales and a global
scale, addresses a critical unmet need for addressing multidi-
mensional image concerns in patients with HNC. It can be
successfully and consistently used across multiple institu-
tions and clinical settings in the pre- and posttreatment peri-
ods to facilitate the delivery of patient-centered HNC care
through the identification of patients with HNC-related BID
requiring supportive intervention. The IMAGE-HN provides
researchers with a more precise and accurate tool that will
be essential to future studies addressing gaps in our knowl-
edge about the epidemiology, prevention, and management

of HNC-related BID in an attempt to minimize psychosocial
morbidity for HNC survivors and improve QOL.
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