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Abstract

Purpose—To determine whether treatment of anal high-grade squamous intraepithelial lesions 

(HSIL), vs active monitoring, is effective in reducing incidence of anal cancer in persons living 

with HIV, the US National Cancer Institute funded the Phase III ANal Cancer/HSIL Outcomes 

Research (ANCHOR) clinical trial. As no established patient-reported outcomes (PRO) tool exists 

for persons with anal HSIL, we sought to estimate the construct validity and responsiveness of the 

ANCHOR Health-Related Symptom Index (A-HRSI).

Methods—The construct validity phase enrolled ANCHOR participants who were within two 

weeks of randomization to complete A-HRSI and legacy PRO questionnaires at a single time 

point. The responsiveness phase enrolled a separate cohort of ANCHOR participants who were not 

yet randomized to complete A-HRSI at three time points: prior to randomization (T1), 14–70 (T2), 

and 71–112 (T3) days following randomization.

Results—Confirmatory factor analysis techniques established a three-factor model (i.e., physical 

symptoms, impact on physical functioning, impact on psychological functioning), with moderate 

evidence of convergent validity and strong evidence of discriminant validity in the construct 

validity phase (n = 303). We observed a significant moderate effect for changes in A-HRSI 

impact on physical functioning (standardized response mean = 0.52) and psychological symptoms 

(standardized response mean = 0.60) from T2 (n = 86) to T3 (n = 92), providing evidence of 

responsiveness.

Conclusion—A-HRSI is a brief PRO index that captures health-related symptoms and impacts 

related to anal HSIL. This instrument may have broad applicability in other contexts assessing 

individuals with anal HSIL, which may ultimately help improve clinical care and assist providers 

and patients with medical decision-making.

Plain English summary
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A randomized clinical trial called ANCHOR is currently underway for persons who are living 

with HIV and are found to have precancerous anal lesions. The ANCHOR trial is testing whether 

treatment or regular observation is more effective in reducing anal cancer. Little is known about 

how treatment or observation will impact the symptoms or quality of life for participants in this 

study. Prior research with participants from the ANCHOR trial helped us to select the symptoms 

and areas of quality of life that they felt would be most important to include in the tool, which is 

called the ANCHOR Health-Related Symptom Index, or A-HRSI. Our goal in the present study 

was to make certain that the A-HRSI will allow these study participants to accurately report how 

treatment or observation was impacting their symptoms or quality of life. We gave the A-HRSI 

to 303 ANCHOR participants to make certain that the index is measuring what it is supposed 

to be measuring, that is, physical symptoms, impact on physical functioning, and impact on 

psychological functioning. We also had 103 ANCHOR participants complete the A-HRSI survey 

three times to determine whether this index could identify changes to participant’s symptoms or 

quality of life over time. We found that A-HRSI is a valid and accurate index to allow people to 

report their symptoms and quality of life related to treatment or observation for precancerous anal 

lesions. These findings may help doctors to better understand the experiences of their patients.

Keywords

Neoplasms; HIV; Patient reported outcome measures; Quality of life; Anus neoplasms; 
Psychometrics

Introduction

Anal cancer is a growing problem in the United States (US), particularly for people living 

with HIV (PLWH) [1, 2]. The incidence of anal cancer in the US general population was 

1.9/100,000 among men and women from 2013 to 2017 [3]. Anal cancer prevention efforts 

have focused on two approaches: (1) vaccination against human papillomavirus (HPV), 

the underlying causative agent of anal cancer [4, 5], for men and women through age 26 

[6], and (2) screening for and treating precancerous HPV-associated high-grade squamous 

intraepithelial lesions (HSIL) prior to progression to cancer for those who have been already 

exposed to HPV [7–10].

To determine whether treatment (i.e., topical or ablative) of anal HSIL, vs active monitoring, 

is effective in reducing incidence of anal cancer in PLWH, the US National Cancer 

Institute (NCI) funded the Phase III ANal Cancer/HSIL Outcomes Research (ANCHOR) 

clinical trial (clinicaltrials.gov identifier: NCT02135419) in 2014. A secondary objective 

of ANCHOR is the capture of participant-reported health-related quality of life (HRQOL), 

defined as a “participant’s general perception of the effect of illness and treatment on 

physical, psychological, and social aspects of life” [11]. Accurate documentation of HRQOL 

is feasible and necessary as part of clinical trials in oncology [12–14]. Patient-reported 

outcomes (PROs), defined as “any report of the status of a patient’s health condition 

that comes directly from the patient, without interpretation of the patient’s response by a 

clinician or anyone else” [11], that are experienced throughout the course of a trial cannot 
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be reliably graded by clinicians or their staff [15]. Therefore it is essential to capture this 

information verbatim from participants [16].

Since no appropriate PRO tool existed for the capture of HRQOL related to anal disease in 

PLWH, it was essential to develop a novel HRQOL index to capture the unique physical 

symptoms (e.g., anal pain, itching in or around the anus), impact on physical functioning 

(e.g., problems with sitting/participating in leisure activities), impact on psychological 

functioning (e.g., decreased desire/enjoyment of anal sexual activity) related to treatment 

or active monitoring for anal HSIL. We established the ANCHOR health-related symptom 

index (A-HRSI) to be consistent with the US regulatory recommendations for psychometric 

properties of PRO instruments [11].

Through the use of expert consultation (i.e., ANCHOR clinical investigators), concept 

elicitation (n = 41) and cognitive interviews (n = 45) with participants eligible for 

ANCHOR, we previously estimated the content validity of the 25-item A-HRSI [17], as 

well as the test–retest reliability [18]. The present study sought to estimate construct validity 

and responsiveness of A-HRSI in ANCHOR participants. Additionally, we aimed to estimate 

the acceptability of administering A-HRSI via an electronic PRO (ePRO) system. It was 

anticipated that the best fitting factor structure for A-HRSI would be a three-factor model 

(i.e., physical symptoms, impact on physical functioning, and impact on psychological 

functioning) and that A-HRSI would be sensitive to changes (i.e., change for the better or 

change for the worse) in participant-reported performance status (i.e., standardized mean 

change of at least 0.46) across multiple assessment time points.

Methods

Participants

Participants were recruited from 17 US ANCHOR sites. The construct validity phase 

utilized a single time point observational design, whereas the responsiveness phase 

employed the use of a prospective cohort design. For the construct validity phase, 

we enrolled English-speaking ANCHOR participants who were within two-weeks of 

randomization. For the responsiveness phase, we recruited English-speaking participants 

who were enrolled into ANCHOR but who had not yet been randomized. All data collection 

was centrally coordinated through Memorial Sloan Kettering Cancer Center (MSK), with 

responsiveness phase data collected through the ANCHOR Data Management Center 

(Emmes Company, LLC). Both phases were reviewed and approved by the NCI’s Cancer 

Therapy Evaluation Program (CTEP) and Institutional Review Boards at each study site. 

For the construct validity phase, verbal consent was obtained from all included participants. 

Informed consent was obtained from all participants in the responsiveness phase.

Measures

ANCHOR Health-Related Symptom Index (A-HRSI)—(all assessments) [17, 18]—

A-HRSI is a 25-item HRQOL index that assesses physical symptoms (nine items), impact 

on physical functioning (seven items), and impact on psychological functioning (nine items) 

over the past 7 days via a numeric rating scale (i.e., 0 = not at all; 1 = a little bit; 2 = 
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somewhat; 3 = quite a bit; 4 = very much). Domain scores are derived through calculating 

the mean of the completed items (i.e., domain ranges 0–4), provided that at least 50% 

of items within that domain have been completed. Higher domain scores indicate worse 

experience of symptom or impact burden.

Participant-Reported version of the Eastern Cooperative Oncology Group 
Performance Status (Participant-Reported ECOG PS)—(all assessments) [19]—

The Participant-Reported ECOG PS measure was adapted from clinician-to-participant 

language through focus groups, interviews and comparisons of clinician and participant 

responses. The measure consists of a single item that asks participants to rate their current 

performance status from 0 to 4 (i.e., 0 = fully active, 1 = difficulty with physically strenuous 

activity but ambulatory, 2 = unable to work but in bed < 50% of the time, 3 = limited 

self-care and in bed > 50% of the time, 4 = completely disabled).

Functional Assessment of Cancer Therapy–General (FACT-G)—(construct 

validity phase only) [20]—The FACT-G is a well-established and psychometrically sound 

measure of HRQOL. This measure includes 27 items that result in an overall HRQOL 

(FACT-G) score, as well as separate indices for Physical Well-Being (7-items), Social/

Family Well-Being (7-items), Emotional Well-Being (6-items), and Functional Well-Being 

(7-items). Higher total and subscale scores are indicative of better HRQOL.

M.D. Anderson Symptom Inventory (MDASI)—(construct validity phase only) [21]—

MDASI is a widely used and well-validated measure of symptom severity and interference 

with everyday function. This tool consists of 13 items that ask participants to rate the 

severity of their symptoms on a 0–10 numeric rating scale (NRS; i.e., 0 = not present, 10 = 

as bad as you can imagine), as well as ratings of the level of interference with six areas of 

everyday function using a 0–10 NRS (i.e., 0 = did not interfere, 10 = interfered completely). 

The mean of the items represents overall symptom severity and interference with everyday 

function, with higher means indicative of worse severity or symptom distress.

Participant global impression of change (PGIC)—(responsiveness follow-up 

assessments only) [12]—PGIC is a single item that allows participants to rate whether their 

overall HRQOL has changed since the last time they were assessed using a seven-point scale 

(i.e., −, − 2, − 1, 0, 1, 2, 3) that represented HRQOL ranging from “very much worse” to 

“very much better.”

Additionally, we administered a brief demographic questionnaire that captured participants’ 

gender identity, race, and ethnicity at time of enrollment for both phases. Figure 1 includes 

the study schema by phase and measures completed.

Procedure

Construct validity phase—Potentially eligible participants from ANCHOR were 

referred to contact the MSK Clinical Research Coordinator (CRC) via telephone to confirm 

eligibility. During this interaction, eligible participants were asked for verbal consent to 

participate in the study. Once enrolled, participants were asked to complete their one-time 

assessment (i.e., A-HRSI, Participant-Reported ECOG PS, FACT-G, and MDASI) during 
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this interaction or to schedule an alternative telephone session to complete the measures 

within the assessment window (i.e., within two-weeks post-randomization to treatment or 

active monitoring arms). Study co-authors and ANCHOR investigators selected this time 

point, as it was thought that participants would have experienced symptoms or impacts to 

their HRQOL due to treatment or assignment to active monitoring during this timeframe. 

Upon completion, participants were mailed a $50 United States Postal Service money order 

as compensation for their time.

Responsiveness phase—As part of the consenting to ANCHOR, participants were 

provided with information about an optional HRQOL assessment where they would 

complete A-HRSI and Participant-Reported ECOG PS at three time points: time of 

enrollment up until time of trial randomization (T1), 14–70 days following randomization 

(T2), and 71–112 days following randomization (T3). Participants were also asked to 

complete PGIC at T2 and T3. These assessment times were selected to maximize study 

compliance and with input from study co-authors and ANCHOR investigators based on 

clinical experience to represent baseline HRQOL (T1), a period during which meaningful 

changes to HRQOL would occur (T2), and a time during which such meaningful changes 

to HRQOL would potentially return to baseline (T3). Individuals enrolled to this phase 

of the study were asked to complete the measures via a secure ePRO interface (via 

AdvantageEDCSM, Emmes Company, LLC) that they could either access on their own 

mobile device privately or in clinic during a scheduled visit, or via a telephone facilitated 

interview with a MSK CRC. The ePRO tool allowed the participant to complete PRO tools 

directly into the study data entry system and is compatible with all major internet browsers 

and mobile phone operating systems. As an incentive, participants were provided with $25 

per completed assessment (i.e., up to $75 total) via a reloadable debit card.

Statistical analysis

Construct validity phase—Construct validity was established using confirmatory factor 

analysis (CFA). CFA is a technique that allows for the comparison of models at a 

latent factor level based on commonalities within the observed variables [22]. A baseline 

unitary factor model (Model 1; 25-items) was compared with a two-factor (Model 2; 

physical (i.e., physical symptoms and impact on physical functioning combined [16-items] 

and psychological [nine-items]), three-factor (Model 3; physical symptoms [nine-items], 

impact on physical functioning [seven-items], and impact on psychological functioning 

[nine-items]), and four-factor (Model 4; physical symptoms [nine-items], impact on physical 

functioning [seven-items], impact on psychological functioning [five-items], impact on 

sexual desire and enjoyment [four-items] models based on several fit indices, using 

maximum likelihood estimation. Root-mean-squared error of approximation (RMSEA) is 

a measure of the average of the residual variance and covariance; good models have RMSEA 

≤ 0.08 [23]. Comparative fit index (CFI) is a metric that ranges from 0 to 1, with values ≥ 

0.90 considered to be good fitting models [24]. When calculating CFA models, χ2 values 

are computed and then compared between alternative models, given changes in degrees of 

freedom. Lower χ2 values, given an equal number of degrees of freedom, are indicative 

of a better fitting model [23]. Additionally, standardized factor loadings, representing the 
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correlations between observed items and latent factors should be ≥ 0.40 in the selected 

model [25].

Convergent and discriminant validity is an indication that constructs assessed by a new PRO 

instrument should or should not be correlated with constructs captured by legacy instruments 

that have already been validated and widely used in the literature. As an additional indicator 

of construct validity, convergent and discriminant validity was investigated via pairwise 

correlations between the four sets of measure scores (i.e., A-HRSI, Participant-Reported 

ECOG PS, FACT-G, and MDASI). We hypothesized that A-HRSI subscales (i.e., physical 

symptoms, impact on physical functioning, impact on psychological functioning) would 

have moderate (i.e., 0.30–0.70) pairwise Pearson |r| correlations with similar subscales of 

legacy instruments (e.g., FACT-G Physical Well-Being, FACT-G psychological well-being, 

MDASI severity) as evidence of convergent validity. With respect to discriminant validity, 

we hypothesized low (i.e., < 0.30) pairwise Pearson |r| correlations between A-HRSI 

subscales and subscales from legacy measures that were not intended to be captured by 

A-HRSI (e.g., FACT-G Social/Family Well-Being). Given a lack of standard cutoff values 

for convergent and discriminant validity, we defined evidence of convergent validity as 

pairwise Pearson |r| values ranging between 0.30 and 0.70, whereas discriminant validity is 

indicated by Pearson |r| values < 0.30.

For the construct validity phase, including convergent and discriminant validity, our goal 

was to enroll at least 10 participants per A-HRSI item (i.e., 250 participants) [26], with an 

oversampling target of 300 participants. The power calculation (N = 300) yielded an 80% 

power to detect a minimal Pearson r of 0.33 at a two-sided type-I error rate of 5%. Amos 

Version 26 [27] was used for the CFA, with R (Version 4.0.4) [28] used for the analysis of 

convergent and discriminant validity.

Responsiveness phase—A responsive index will reveal a difference between patients 

who experience changes in symptoms and patients who experience no change. Participants 

at follow-up time points (i.e., T2 and T3) were categorized into two sets of three groups 

based on Participant-Reported ECOG PS or PGIC responses: “worsened” (a response of 

“very much worse,” “moderately worse,” or “a little worse” on PGIC or an increase ≥ 

1 in Participant-Reported ECOG PS score), “no change” (“about the same” on PGIC or 

no change in Participant-Reported ECOG PS score), and “improved” (“a little better,” 

“moderately better,” and “very much better” or a decrease ≥ 1 in Participant-Reported 

ECOG PS score). The primary responsiveness analysis evaluated both sets of three groups 

separately using one-way analysis of variance (ANOVA).

A sample size of 90 was required to obtain 80% power if the three groups differ by a 

standardized change of 0.46, in a one-way ANOVA using a two-sided type-I error rate of 

5%. We estimated the statistical power by running a simulation where the “worsened” group 

had a mean change in A-HRSI score of − 0.46 (simulated from a standard normal of mean 

= − 0.46 and standard deviation = 1.0), the “no change” group had a mean change of 0.0, 

and the “improved” group had a mean change of + 0.46. Additional statistical assumptions 

included a correlation of 0.35 between the assessment scores and n = 30 in each of the three 
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groups. To allow for 10% dropout, 100 participants (i.e., 50 in each study arm) were targeted 

for enrollment in this phase.

To examine the extent to which patients’ HRQOL changes over time, the standardized 

response mean (SRM) was computed as the mean change in A-HRSI subscale scores 

divided by the standard deviation of change scores within each change category. Values 

greater than 0.8 were considered large and values between 0.5 and 0.8 were considered 

moderate [29]. SAS Version 9.4 [30] was used for the responsiveness analysis.

Acceptability of administering A-HRSI via an ePRO tool was descriptively analyzed. 

Acceptability was defined as > 50% of participants at each follow-up time point who 

preferred completing their next assessment via the ePRO tool vs facilitated interview with 

the MSK CRC. Additionally, time to complete A-HRSI via the ePRO tool was captured in 

minutes.

Results

Construct validity phase

Between February 2017 and July 2018, we screened 323 individuals for the construct 

validity phase, and 20 were ineligible for participation as they were no longer in the 

assessment window. The 303 confirmed eligible participants (Table 1) were enrolled in 

the construct validity phase (median age = 51.0, 75.6% cisgender male [n = 229], 21.5% 

cisgender female [n = 65], 2.0% transgender female [n = 6], 0.3% transgender male [n 
= 1], 0.7% gender non-conforming [n = 2]). Most participants were African American (n 
= 195, 64.4%), with 9.9% (n = 30) identifying as Hispanic or Latino. One hundred sixty 

participants were assigned to the treatment arm (52.8%), with the remaining 143 (47.2%) 

assigned to active monitoring. Most participants in this phase self-reported a Participant-

Reported ECOG PS 0 or 1 (82.8%, n = 251), with 52 participants (17.2%) indicating a 

Participant-Reported ECOG PS score of 2–4.

According to the CFA fit indices (Table 2), Model 2 had a lower RMSEA (0.090), higher 

CFA (0.749), and a statistically significant change in χ2, given the corresponding change 

in degrees of freedom in comparison to Model 1 (χ2(1) = 42.61, p < 0.05). Model 3 was 

statistically superior to Model 2 with respect to RMSEA (0.065), CFA (0.862), and change 

in χ2, given the change in degrees of freedom (χ2(2) = 146.85, p < 0.05). Model 4 did not 

significantly improve upon these fit indices (i.e., RMSEA = 0.065; CFI = 0.870; (χ2(1) = 

22.75, p < 0.05). As such, the parsimonious Model 3 (i.e., physical symptoms, impact on 

physical functioning, impact on psychological functioning) was confirmed as the best fit for 

the data. Figure 2 displays the path diagram and standardized factor loadings for Model 3. 

All standardized factor loadings were ≥ 0.40 except for the “general pain,” “constipation,” 

and “impact with work” items.

Table 3 includes the pairwise Pearson r coefficients between the A-HRSI, Participant-

Reported ECOG PS, FACT-G, and MDASI. Cronbach’s α ranged 0.72–0.84, 0.74–0.83, 

and 0.89–0.91 for the A-HRSI, FACT-G and MDASI subscales, respectively. There 

was moderate evidence of convergent validity, with the majority of pairwise Pearson |r| 
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coefficients falling between 0.3 and 0.7. None of the pairwise |r| coefficients were > 0.7. The 

FACT-G Social/Family Well-Being scale had low pairwise Pearson r coefficients between 

the Physical Symptoms (− 0.03, p = 0.64), Impact on Physical Functioning (− 0.07, p = 

0.23), and Impact on Psychological Functioning (− 0.21, p < 0.01) subscales of A-HRSI, 

providing strong evidence of discriminant validity.

Responsiveness phase

One hundred thirty participants were enrolled into the responsiveness phase between July 

and October 2019. Twenty-two individuals were ineligible post-enrollment, with the primary 

reason being they did not have biopsy-proven anal HSIL, and five participants were enrolled 

but provided no A-HRSI data at T1. Therefore, analyses for this phase were based on 103 

participants who completed the A-HRSI and Participant-Reported ECOG PS questionnaires 

at T1. Of the 103 participants in the analytic set (84.5% cisgender male [n = 87], 12.6% 

cisgender female [n = 13], 1.9% transgender female [n = 2], 1.0% gender non-conforming 

[n = 1]), participants’ median age was 52.5 years at entry with a range of 35.0–74.2. 

Most participants were white (43.7%) or African American (38.8%); 28.1% were Hispanic 

or Latino. (Table 1). Fifty-five participants were assigned to active monitoring (53.4%), 

whereas 48 participants were assigned to the treatment arm. A total of 86 participants 

completed A-HRSI and Participant Reported ECOG PS within the T2 assessment window 

and 92 participants completed T3 assessments. Average days (SD) from randomization were 

45 (29) days at T2 and 101 (23) days at T3.

Administration of A-HRSI via ePRO was acceptable. At T1, 63 (61.2%) participants 

indicated that they preferred their T2 assessment to be delivered via ePRO. Fifty (60.2%) 

participants stated at T2 that they preferred that their T3 assessment to be delivered via 

ePRO. Average time in minutes (SD) to complete the A-HRSI was 10.6 (6.3) minutes at T1, 

8.7 (9.2) minutes at T2, and 6.4 (9.8) minutes at T3.

Most participants (n = 92, 89.3%) reported their Participant-Reported ECOG PS as 0 or 1 

at T1, with 9 (8.7%) participants indicating their Participant-Reported ECOG PS was 2–4. 

From T1 to T2, 40 (47.1%) participants indicated their Participant-Reported ECOG PS did 

not change, with 21 (24.7%) participants expressing that their Participant-Reported ECOG 

PS changed for the better and 24 (28.2%) indicating that their Participant-Reported ECOG 

PS changed for the worse. When comparing T3 to T2, 43 (50.6%) participants reported that 

their Participant-Reported ECOG PS did not change, with 18 (21.2%) participants indicating 

that their Participant-Reported ECOG PS changed for the better and 24 (28.2%) expressing 

that their Participant-Reported ECOG PS had worsened (Table 4).

In reviewing PGIC scores, 30 (35.7%) participants at T2 and 35 (38.9%) participants at 

T3 indicated that their overall HRQOL had changed for the better. No change in HRQOL 

was reported by 46 (54.8%) participants at T2 and 42 (46.7%) participants at T3. Only 8 

(7.9%) participants at T2 and 13 (11.9%) participants at T3 indicated that their HRQOL had 

changed for the worse (Table 4).

At T2, there were no significant differences in change from T1 in A-HRSI subscales across 

the six PGIC or Participant-Reported ECOG PS groups. Statistical comparisons found 
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no significant difference between PGIC change for the better and change for the worse 

categories. At T3, there were significant differences in change from T2 in A-HRSI Physical 

Symptoms, Impact on Physical Functioning, and Impact on Psychological Functioning 

across the three Participant-Reported ECOG PS groups (p’s < 0.05, Table 5). There were 

no significant interactions between study arm and PGIC or Participant-Reported ECOG PS 

group for any subscale at any time point.

There was a significant moderate effect for changes in A-HRSI impact on physical 

functioning (SRM = 0.52) and impact on psychological functioning (SRM = 0.60) from 

T2 to T3, providing initial evidence of responsiveness. All other SRMs were small in 

magnitude.

Discussion

Accurate capture of PRO data is essential as part of all clinical trials in oncology [31, 32]. 

While prior work has explored an association between PRO symptoms and anal HSIL [33], 

such information has yet to be captured (1) as part of a randomized controlled trial, or 

(2) using a PRO tool that was rigorously validated for use in this specific population. The 

present study estimated the construct validity and responsiveness of A-HRSI.

As part of the construct validity phase, A-HRSI exhibited acceptable evidence of 

discriminant validity when compared with the well-established Participant-Reported ECOG 

PS, FACT-G, and MDASI. Consistent with the underlying development of item content for 

A-HRSI, the CFA demonstrated that a 3-factor representation of physical symptoms, impact 

on physical functioning, and impact on psychological functioning is the best fitting model 

for this 25-item tool.

Responsiveness was assessed in a cohort of participants who were administered A-HRSI 

at time of enrollment up until time of trial randomization (T1), 14–70 days following 

randomization (T2), and 71–112 days following randomization. While SRMs representing 

changes from T1 were small in magnitude, there was a significant moderate effect 

for changes in A-HRSI impact on physical functioning and impact on psychological 

functioning, providing initial evidence of responsiveness. Additionally, we estimated that 

administration of A-HRSI via ePRO is acceptable and is minimally burdensome to 

participants, with an average time of administration of less than 10 min for the follow-up 

assessments.

There were numerous limitations to this study. A-HRSI psychometric validation was limited 

to participants who indicated that English was their preferred language for healthcare 

delivery. A separate study established the linguistic and content validity of a Spanish 

version of A-HRSI [34]. Refusal information was not captured from potentially eligible 

individuals who declined to participate. For the construct validity phase, the “general pain,” 

“constipation,” and “impact with work” items had standardized factor loadings below 0.40. 

It should be noted that these items were retained in A-HRSI due to participant indication 

of their importance during content validation rather than based upon their psychometric 

characteristics [17]; removal of these items has negligible impact on model fit (i.e., RMSEA 
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= 0.068, CFI = 0.888). While maximum likelihood estimation was used for the CFA because 

of the sample size (n = 303), it is acknowledged that additional CFA estimation methods 

exist that may be better suited for ordinal PRO data with larger samples (e.g., diagonally 

weighted least squares). Additionally, the broad assessment windows (i.e., T2 = 14–70 days, 

T3 = 71–112 days), and small sample sizes in the “change for the worse” PGIC category 

for evaluating change in A-HRSI (i.e., n = 8 at T2 and 12 at T3) may have further limited 

the power to detect differences. Participants completed T2 45-days post T1 on average. 

Based on consultation with ANCHOR clinical investigators, any symptoms or impacts 

due to randomization to treatment or active monitoring may have resolved by 4-weeks 

post-randomization. As such, we recommend that subsequent studies that utilize A-HRSI 

make use of a baseline (i.e., pre-treatment) assessment time point, with subsequent A-HRSI 

assessment 2–7 days (+ 3 days) and 4-weeks (± 1 week) following treatment. Future 

validation studies that replicate our efforts with narrow follow-up assessment windows, 

larger sample sizes, and well-defined criteria for detecting change (e.g., 0.5 standard 

deviation) [35] will allow for more rigorous psychometric testing (e.g., invariance testing) 

and a better understanding of A-HRSI responsiveness. It should also be noted that the 

ECOG PS estimates were based on participant self-report and not traditional physician 

assessment; physician-assessed ECOG PS ≤ 1 is an inclusion criteria for ANCHOR. Future 

evaluations of A-HRSI should include both objective and subjective measures of participant 

performance status. Finally, it is acknowledged that A-HRSI was administered via telephone 

in the construct validity phase and via ePRO in the responsiveness phase. While mode 

of administration bias may have been introduced, recent literature has demonstrated that 

mixing modes of PRO administration is associated with minimal mean response differences 

and provides participants with greater flexibility and independence when completing a PRO 

tool [36–38].

A-HRSI is a PRO index validated in a diverse cohort of persons eligible for ANCHOR 

that captures health-related symptoms and impacts related to anal HSIL. Use of this 

instrument will provide valuable context to the ANCHOR trial as investigators attempt to 

better understand participant experiences related to randomization to the treatment or active 

monitoring arms. Additionally, A-HRSI may have broad applicability beyond ANCHOR 

for other contexts where individuals have variable degrees of immunosuppression and anal 

HSIL. Ultimately, providing individuals with a brief, valid, condition-specific index that will 

allow them to self-report their symptoms and impacts related to anal HSIL may help to 

improve clinical care and assist providers and patients with medical decision-making.
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Fig. 1. 
Study schema by phase and measures completed
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Fig. 2. 
Confirmatory factor model for the three-factor solution
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Table 1

Participant demographics and clinical characteristics by study phase

Study phase

Construct validity (N = 303) Responsiveness (N = 103)

Characteristics n (%) n (%)

Age (years)

Mean (SD) 51.5 (8.1) 51.0 (9.4)

Median 51 52.5

Range 35–73 35–74

Gender identity

Cisgender female 65 (21.5%) 13 (12.6%)

Transgender female 6 (2.0%) 2 (1.9%)

Cisgender male 229 (75.6%) 87 (84.5%)

Transgender male 1 (0.3%) 0 (0.0%)

Gender non-conforming 2 (0.7%) 1 (1.0%)

Race

White 88 (29.0%) 45 (43.7%)

African American 195 (64.4%) 40 (38.8%)

Asian or Pacific Islander 3 (1.0%) 3 (2.9%)

American Indian or Native Alaskan 0 (0%) 3 (2.3%)

Other or multiple races 17 (5.6%) 12 (11.7%)

Ethnicity

Hispanic or Latino 30 (9.9%) 29 (28.1%)

Non-Hispanic or Latino 273 (90.1%) 72 (69.9%)

Not reported 0 (0.0%) 2 (2.0%)

Study Arm

Active monitoring 143 (47.2%) 55 (53.4%)

Treatment 160 (52.8%) 48 (46.6%)

Participant-reported ECOG performance status

0–1 251 (82.8%) 92 (89.3%)

2–4 52 (17.2%) 9 (8.7%)

ECOG indicates Eastern Cooperative Oncology Group
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Table 2

Fit indices for confirmatory factor models (N = 303)

Model RMSEA 95% CI CFI χ2 df Δχ2/df p

Model 1 0.093 0.087; 0.099 0.733 956.23 265

Model 2 0.090 0.084; 0.097 0.749 913.62 264 42.61 < 0.05

Model 3 0.065 0.058; 0.072 0.862 619.93 262 146.85 < 0.05

Model 4 0.065 0.058; 0.072 0.870 597.18 261 22.75 < 0.05

RMSEA indicates Root-Mean-Squared Error of Approximation; CI confidence interval, CFI confirmatory fit index; df degrees of freedom, Δχ2/df, 

change in χ2 given corresponding change in degrees of freedom
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Table 3

Pairwise Pearson r coefficients between A-HRSI subscales and legacy measures

Legacy Measure A-HRSI subscale

Physical symptoms Impact on physical functioning Impact on psychological functioning

Participant-reported ECOG PS 0.27 (< 0.01) 0.49 (< 0.01) 0.43 (< 0.01)

FACT-G

Physical Well-Being − 0.52 (< 0.01) − 0.66 (< 0.01) − 0.51 (< 0.01)

Social/Family Well-Being − 0.03 (0.64) − 0.07 (0.23) − 0.21 (< 0.01)

Emotional Well-Being − 0.32 (< 0.01) − 0.35 (< 0.01) − 0.58 (< 0.01)

Functional Well-Being − 0.25 (< 0.01) − 0.35 (< 0.01) − 0.45 (< 0.01)

Overall FACT-G − 0.35 (< 0.01) − 0.45 (< 0.01) − 0.56 (< 0.01)

MDASI

Severity 0.46 (< 0.01) 0.56 (< 0.01) 0.59 (< 0.01)

Interference 0.47 (< 0.01) 0.55 (< 0.01) 0.47 (< 0.01)

A-HRSI indicates ANCHOR Health-Related Symptom Index; Participant-Reported ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; FACT-G, Functional Assessment of Cancer Therapy—General; MDASI, M.D. Anderson Symptom Inventory
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