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Abstract

Background—Anal cancer is one of the most common cancers affecting human
immunodeficiency virus (HIV)-infected male patients. Currently, there is no consensus on post-
treatment surveillance of HIV-infected men who have sex with men (MSM) who have been
treated for high-grade intragpithelial neoplasia (HGAIN), the likely precursor to anal cancer.

Objective—To assess the cost-effectiveness of arange of strategies for anal cancer surveillance
in HIV-infected MSM previously treated for HGAIN.
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Methods—We developed a Markov model to project quality-adjusted life expectancy (QALE),
lifetime costs, and the incremental cost-effectivenessratios (ICER) of five strategies using high
resolution anoscopy (HRA) and/or anal cytology testing after treatment.

Results—Performing HRA alone at 6- and 12-month visits was associated with a cost-
effectiveness ratio of $4,446 per QALY gained. In comparison, combined HRA and anal cytology
at both visits provided the greater health benefit at a cost of $ 17,373 per QALY gained. Our
results were robust over a number of scenarios and assumptions, including patients’ level of
immunosuppression. Results were most sensitive to test characteristics and cost, and progression
rates of normal to HGAIN and HGAIN to cancer.

Conclusions—Our results suggest that combined HRA and anal cytology at 6 and 12 months
may be a cost-effective surveillance strategy following treatment of HGAIN in HIV-infected
MSM.
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Introduction

The incidence of anal cancer has increased during the era of highly active antiretroviral
therapy (HAART), while in contrast, other human immunodeficiency virus (HIV)-related
malignancies have become less common. 13 HIV-infected men who have sex with men
(MSM) are at higher risk for developing anal cancer than all other populations. The
incidence of anal cancer in this particular group is over 80 times higher than in HIV-
uninfected individuals. 47 Nearly half of HIV-infected individuals living in the United
States (U.S.) are MSM, and establishing cost-effective protocols for the prevention of anal
cancer should be an important component in the care of HIV-infected patients who are
living longer during the HAART era. 8

Screening HIV-infected MSM with annual anal cytology has been shown to be cost-
effective, with an incremental cost-effectiveness ratio compared to no screening of $16,600
per quality-adjusted life year (QALY) saved, which is similar to other accepted screening
tests such as colon cancer screening. © High resolution anoscopy (HRA) is a technique used
to detect high-grade anal intragpithelial neoplasia (HGAIN)1911 which is the likely
precursor to anal cancer. Once identified by HRA, high-grade lesions can be treated with
office-based ablation or intraoperative ablation. Algorithms for follow-up evaluation after
treatment of HGAIN have been proposed 12, but there is currently no consensus on how to
best manage this high-risk population post-treatment. Assessing the value of alternative
management strategies would inform practice guidelines.

Our objective was to evaluate the cost-effectiveness of alternative follow-up strategies after
treatment of HGAIN in HIV-infected MSM. We devel oped a decision-analytic model to
synthesize the epidemiological, clinical, and economic data on recurrent anal disease, and
estimated the clinical benefits, costs and cost-effectiveness of alternative management
strategies.

Materials and Methods

Model Overview

We developed a state-transition Markov model using TreeAge Pro 2009 (TreeAge,
Williamstown, MA) to estimate the health and economic outcomes of surveillance strategies
for MSM following treatment of HGAIN. HIV-infected MSM start in the Markov model
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health states defined by HPV -associated anal disease and HIV status (Figure 1), including
normal (no disease), low-grade anal intraepithelial neoplasia (LGAIN), high-grade anal
intragpithelial neoplasia (HGAIN), anal cancer and death. We simulated a cohort of 30-year-
old HIV-infected MSM after treatment for HGAIN, which includes anal intraepithelial
neoplasia (AIN) 2 or 3. Initia surveillance and monitoring for AIN occurred in 6-month
cycles. Participants progressed through the different health states based on follow-up results
after treatment for HGAIN. The model simultaneously simulated the natural history of HPV
and HIV diseases and used transition probabilities from the literature to move participants
through health states over time. %10.14 \We assumed that disease regression from HGAIN
was only possible after treatment. For the base case, we assumed that patients had a CD4
count greater than 500 cells/mm3 but we used sensitivity analyses to account for improved
CD4 count after HAART initiation at a CD4 count less than 500 cells/mm3.

We evaluated five surveillance strategies in HIV-infected MSM who had previously been
treated for AIN 2 or 3: (1) HRA at 6 months followed by anal cytology at 12 months, (2)
HRA at 6 months followed by HRA at 12 months, (3) combined HRA and anal cytology at 6
months followed by anal cytology at 12 months, (4) combined HRA and anal cytology at 6
months followed by HRA at 12 months, (5) combined HRA and anal cytology at 6 months
followed by combined HRA and anal cytology at 12 months. All abnormal anal cytology
tests were confirmed with HRA evaluation. Supplemental Digital Content Figure 1 depicts
the follow-up algorithm for patients with HGAIN.

Health outcomes, expressed as quality-adjusted life years (QALY s), and costs associated
with alternative surveillance strategies were projected for a cohort of 30-year old HIV-
infected MSM over the lifetime. Strategies were compared using the incremental cost-
effectivenessratio (ICER), which is defined as the additional cost of a specific strategy
divided by the additional clinical benefit, compared to the next less costly strategy.
Strategies that were less effective and more costly than an alternate strategy (i.e., strongly
dominated) and strategies with a higher incremental cost-effectiveness ratio than amore
effective alternative strategy (i.e., weakly dominated) were eliminated from the cal culations.
Although thereis no stringent cost-effectiveness threshold below which an intervention
would be considered good value for money, acommon benchmark in the U.S. includes
$100,000/QALY gained. The analysis was conducted from the societal perspective,
including costsirrespective of payor. As recommended for economic evaluationsin the
U.S,, future costs and health benefits were discounted at an annual rate of 3%. 13 Costs were
expressed in 2011 U.S. dollars. We performed a series of deterministic sensitivity analyses
to identify parameters with the greatest impact on cost-effectiveness. Based on the results,
we included important parameters in a probabilistic sensitivity analysis in which we defined
key parameter values as distributions and used second-order Monte Carlo Simulation to
perform 1000 cohort simulations.

Clinical Data

Table 1 summarizes model input values assumed in the base case analysis, %1114, 16-22.35
Data obtained from the literature included information on background mortality rate; natural
history of HPV and HIV diseases; operating characteristics of screening and diagnostic tests;
effectiveness of treatment for HGAIN; mortality rate from anal cancer; costs associated with
screening, diagnosis, and treatment of HGAIN and ana cancer and HIV treatment cost.

The following assumptions were made for the base case: (1) all positive anal cytology tests
were subsequently evaluated by HRA; (2) screening coverage with anal cytology was
assumed to be 100%; (3) all detected HGAIN and anal cancer cases were treated; (4) all
lesions were treated with outpatient ablation and did not require intraoperative surgical
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intervention; (5) HAART was initiated at CD4 cell count < 500 cells/mm3; (6) recurrent
HGAIN was assumed to have a natural history similar to anal dysplasia prior to treatment.

Natural history of anal dysplasia

Information on the rate of disease recurrence as well as disease progression and regression
were obtained from the literature. %1014 As the natural history of anal disease in patients who
had been treated was not available, we used available data on untreated patients.10.14
Transition probabilities accounted for the impact of HPV disease. Transition from HGAIN
to anal cancer has not been well-documented in clinical studies, therefore,we utilized an
estimate from a published study that used cancer incidence data to calibrate this parameter. °
Five-year survival from anal cancer of 61.8% reported by the Surveillance, Epidemiology
and End Results (SEER) program of the National Cancer Institutel® was used to reflect
excess mortality due to disease.

Test Characteristics

Estimates of diagnostic tests operating characteristics were obtained from the
literature.%16-17 Data from the largest prospective study on HIV-infected MSM were used to
estimate the sensitivity (81%) and specificity (63%) of anal cytology testing.16 17 HRA test
characteristics were derived from alongitudinal study of anal squamous intraepithelial
lesions, with 95% sensitivity and 91% specificity. 9 11. 17

Health-Related Quality of Life

Cost

Results

Base case

Health outcomes were expressed in QALY sto capture mortality and morbidity associated
with a particular health state. We used previously reported health utility weights for
HGAIN. 1819 We used published health state preferences for gastrointestinal cancer (0.58)
asaproxy for anal cancer quality weights. HIV-related quality of life was afunction of CD4
count and was informed by the literature.20 Joint health state preferences for HPV- and HIV-
related disease were estimated using standard multiplicative assumptions. A utility
multiplier of 0.98 was applied to patients with HGAIN.18

Costsincluded direct medical costs which incorporated cost of screening and diagnostic
tests, aswell as cost for HGAIN trestment. Cost estimates were obtained from the 2011
Medicare fee schedule.?! Cost of monthly HIV care included inpatient care and outpatient
care, and were informed by the literature. 22 In sensitivity analyses we included the cost of
HAART initiation as we assumed that antiretroviral therapy was initiated at CD4 count
below 500. All costs were updated to 2011 U.S. dollars using the medical care component of
the Consumer Price Index.23

For 30-year-old HIV-infected MSM with prior HGAIN treatment, surveillance with HRA at
6 months and anal cytology at 12 months (HRA 6/ anal cytology 12) led to alife
expectancy of 40.03 years and a discounted QALE of 21.48 QALY s at alifetime discounted
cost of $61,536 (Table 2.) Compared to HRA 6/anal cytology 12, HRA at 6 months and 12
months (HRA 6/HRA12) was associated with an incremental life expectancy gain of 0.1716,
adiscounted QALE gain of 0.0723 QALY at an incremental cost of $322, corresponding to
an incremental cost-effectivenessratio of $4,446/QALY gained. Combined HRA and
cytology at 6 months, coupled with either HRA or cytology at 12 months, was associated
with higher lifetime costs, but lower life expectancies than HRA at 6 and 12 months, and
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were therefore dominated. Compared to HRA6/HRA 12, combined anal cytology and HRA
at 6 and 12 months was associated with an incremental life expectancy gain of 0.2762 year,
and a quality-adjusted life expectancy gain of 0.1061, a discounted lifetime cost of $63,701,
corresponding to an incremental cost-effectiveness ratio of $17,373/QALY gained.

Sensitivity analysis

Deterministic Sensitivity Analysis—The cost-effectiveness of post-treatment
surveillance was most sensitive to estimates of test characteristics, cost and disease
progression rate. Although a strategy combining HRA and anal cytology at both visits was
affected by disease progression rate from normal to HGAIN and from HGAIN to cancer, the
incremental cost-effectiveness ratio remained stably below athreshold of $100,000/QALY.

Impact of disease progression rate and cost: When the estimate of the rate of disease
progression from normal to HGAIN was decreased over a plausible range, the incremental
cost-effectiveness ratio of combined anal cytology and HRA at 6 and 12 months increased
from $17,373/ QALY gained to $ 46,133 /QALY gained. When the rate of disease
progression was increased over a plausible range the incremental cost-effectiveness ratio
decreased from $ 17,373/ QALY gained to $6,298/QALY gained. The sensitivity of
diagnostic tests al'so had an impact on the cost-effectiveness of surveillance strategies. When
decreasing the sensitivity of HRA to 85% the combined strategy of HRA with cytology
became more attractive compared to a strategy of HRA alone, yielding a shift from $17,373
to $8,160/QALY gained. Furthermore, variationsin HGAIN treatment effectiveness also
impacted the cost-effectiveness ratio, which nonethel ess remained below the $100,000/
QALY threshold. Increasing the discount rate from 3% to 10% shifted the cost-effectiveness
ratio from $17,373 to $33,460/QALY gained since the gainsin health benefit are generally
downstream from the costs. Costs of treating HGAIN and anal cancer had little impact on
the cost-effectiveness of results.

Probabilistic Sensitivity Analysis. We performed 1000 simulations in which the input
values for disease progression, test characteristics, cost of diagnostic tests, treatment
efficacy and cost, and quality weights were varied simultaneously. We found that combined
HRA and anal cytology at 6 and 12-month visits was the optimal strategy in 91% of
simulations, HRA 6/ HRA 12 was optimal in 8%, while other strategies were optimal in less
than 1% of simulations (Supplemental Digital Content Figure 2.)

Impact of CD4 count responseto HAART: We performed a sensitivity analysis to account
for anincrease in CD4 count following HAART initiation. The following two CD4 count
strata were considered: stratum A included CD4 count < 200 cells/ mm3 and stratum B
represented CD4 count between 200 and 500 cells/ mm3. We used the approach that follows
for our analysis. Information on disease progression was obtained from the literature, 10.14
Transition probabilities accounted for the combined impact of HPV and HIV disease, with
more rapid disease progression at lower CD4 counts. We used information from alarge
observational cohort study to estimate CD4 count response to HAART initiation. 24 Thosein
stratum A (CD4 count < 200 cells/ mm3) reached 500 cells/ mm? in approximately five
years, while those in stratum B (200 and 500 cells’ mmd) required approximately 1.5 years.
We observed that irrespective of variationsin CD4 count, combined HRA and cytology
performed at 6 and 12 months remained the most cost-effective strategy. ICERs were $
15,354/ QALY and $13,556/ QALY gained for stratum A and B, respectively. Ratios
remained below the threshold of $100,000/ QALY (Supplemental Digital Content Table 1
and 2, and Supplemental Digital Content 1)
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Discussion

There is no consensus on the best subsequent management of HIV-infected MSM who have
been treated for HGAIN. The results of this analysis suggest that repeated HRA isan
effective and cost-effective surveillance modality. Surveillance strategies that included HRA
at the 6- and 12-month visits, with or without anal cytology testing, were more effective than
using HRA only for confirmatory testing of abnormal anal cytology testing. Our analysis
revealed that both strategies (HRA 6/ HRA 12 and combined HRA/cytology at both visits)
were cost-effective; however, the combined strategy extended life expectancy and quality-
adjusted life expectancy while remaining below the commonly-cited threshold of $100,000/
QALY gained. HIV providers and guideline panels can use these results in the deliberations
to improve outcomes after HIV-infected MSM are diagnosed and treated with HPV -
associated disease.

The cost-effectiveness ratio remained robustly below a commonly-cited threshold of
$100,000 per QALY over awide range of sensitivity analyses. Our results were most
influenced by test characteristics and cost, and progression rate of normal to HGAIN and
HGAIN to cancer, suggesting that further studies of HPV expressionin MSM in the
HAART eraare warranted, given trends toward earlier initiation of treatment and longer
survival. In addition, probabilistic sensitivity analysis incorporating uncertainty in
parameters included in the model revealed that combined HRA and anal cytology at 6 and
12-months was the optimal strategy in 91% of simulations.

Previous studies have shown that annual screening of HIV-infected MSM is cost-effective®;
however, there are no published studies on the cost-effectiveness of alternative surveillance
strategies after treatment for HGAIN. In the early HAART era, Goldie et al. showed that
annual screening with anal cytology was cost-effective with aratio of $ 16,600 per QALY
saved.? A more recent analysis by Lam et al. concluded that direct use of HRA was the most
cost-effective strategy to screen for HGAIN in HIV-infected MSM.25 These two analyses
were performed from a U.S. perspective; in contrast, Karnon et al. found that screening
high-risk MSM for anal cancer in the United Kingdom (UK) was not cost-effective.18 This
discrepancy was likely observed given the lower rates of anal cancer in the UK compared to
that in the U.S. The reasons for differencesin incidence warrant further exploration. Our
results were in line with other HIV-related interventions such as genotypic resistance testing
prior to antiretroviral therapy initiation or prophylaxis for Pneumocystis Jroveci pneumonia.
| CERs adjusted for inflation were $35,067 per QALY gained and $29,043 per QALY
gained, respectively.

There are several limitations to our study. The natural history of anal dysplasiawith or
without treatment has not been well-defined. Furthermore, the efficacy of secondary
prevention for anal cancer has yet to be proven in alarge randomized controlled trial .27
While uncertainty remains about the ability of secondary screening to prevent future anal
cancers, clinical reality dictates that providers select an immediate course of action when
caring for patients with a history of anal dysplasia. Our analysis uses decision analytic
methods to provide arational approach to making decisions about management despite
imperfect information. We used the best available data about disease progression and
treatment efficacy, and performed multiple sensitivity analyses to explore the impact of
uncertainty on our results. While future data could shed new light on the conclusions of this
analysis, no such data are immediately forthcoming and decisions must be made today on
the best surveillance strategy for patients with a history of anal dysplasia. Our results
provide clinicians and guideline panels with information on which to formulate decisions.
Our analyses showed that our findings are stable over awide range of assumptions,
including variations in the rates of progression from normal to HGAIN or HGAIN to cancer.
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Our estimates could be further refined if better estimates of the long-term outcomes of
treating HGAIN in an outpatient setting were available. Furthermore, our findings may not
be generalizable to a population with severe disease that could not be managed in an
outpatient setting, or to other high risk groups for anal cancer such as women with a history
of high-grade cervical lesions. Furthermore, utility values used to generate QALY swere
based on gastrointestinal cancers and were not specific to anal cancer. These inputs might
impact the clinical benefits observed in our analysis.

In conclusion, our analysis suggests that combined HRA and anal cytology at 6 and 12-
month visits may be a cost-effective follow-up strategy for HIV-infected MSM who have
been treated for HGAIN. Our hopeis that these findings contribute to the informed
discussions on how to improve outcomes for HIV-infected MSM who are living longer
during the HAART era. Future studies are needed on the acceptability of HGAIN treatment
among patients and health care providers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Markov Model Overview

The model is composed of 5 health states. Each health states incorporates the natural history

of anal disease (normal, low-grade intragpithelial neoplasia (LGAIN), high-grade

intragpithelial neoplasia (HGAIN), anal cancer, and death), and the natural history of HIV
with CD4 count greater than 500 cells/mm3.
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Table 1
Selected model input parameters

Variable CD4 >500 cells/ mm3 Sour ces
Progression rate?
Normal to low-grade 0.0457 (0.0140-0.1146) 10, 14
Normal to high-grade 0.0417 (0.0118- 0.1086) 10, 14
Low-grade to high-grade 0.2109 (0.1794-0.3710) 10, 14
High-grade to cancer 0.0253 (0.0039-0.0836) 9
Regression rate?
Low-grade to normal 0.0806 (0.0383-0.1661) 10, 14
High-grade to normal 0 10, 14
Testing Characteristics
Anal cytology, %

Sensitivity 81 (42-98) 16,17

Specificity 63 (32-81)
HRA, %

Sensitivity 95 (85-99) 9,11,17

Specificity 91 (85-100)
Screening Cost, $
Anal cytology, including 60 (46-71) 21,35
performing the test
Work-up and treatment Cost, $
AIN diagnosis (HRA and biopsy) 314 (177-334) 21
Treatment of detected HGAIN 419 (271-449) 21
Invasive anal cancer 37,276 ( 18,080-72,345) 21
HIV monthly care, $ 390 ( 292-488) 22
Health state utility weights
HIV 0.94 (0.9-0.98) 20
HGAIN (multiplier) 0.98 (0.95-0.99) 18
Ana SCC 0.58 (0.5-0.7) 18,19

Page 11

HGAIN: high grade intraepithelial lesion; HIV: human immunodeficiency virus; MSM : men who have sex with men ; AIN: anal intra-epithelia
neoplasia; HRA: high resolution anoscopy

asix-month cyclelength.
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Cost-effectiveness of alternative surveillance strategies after treatment of HGAIN in HIV-infected MSM

Table 2

Discounted
quality- Incremental
Undiscounted adjusted cost-
Discounted Life life effectiveness
cost expectancy expectancy ratio
Strategy (2011 $US) (years) (years) ($/QALY)
CD4 count > 500 cells/ mm3
HRA at 6 months/ cytology at 12
months 61,536 40.0329 21.4784
HRA at 6 months/ HRA at 12 months 61,857 40.2044 21.5507 4,446
Combined HRA+ cytology at 6 months/
HRA at 12 months 62,552 40.1380 21.5251 Dominated
Combined HRA+ cytology at 6 months/
cytology at 12 months 62,556 40.1416 21.5293 Dominated
Combined HRA+ cytology at 6 months/
HRA+ cytology at 12 months 63,701 40.4807 21.6568 17,373

Page 12

HGAIN:high grade intraepithelial lesion; HIV: human immunodeficiency virus; MSM: men who have sex with men; QALY :quality-adjusted life

year; HRA:high resolution anoscopy
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Table 3
Sensitivity Analysis
Incremental Cost-effectiveness Ratio,
$ per Quality-Adjusted Life Year Saved
HRA+ Cytology

Variable HRA then HRA  then HRA+ Cytology
Base Case 4,446 17,373
Progression rate
Normal to LGAIN

0.014 5,291 11,636

0.1146 3,819 17,817
Normal to HGAIN

0.0118 4,485 46,133

0.1086 4,202 6,298
LGAIN to HGAIN

0.1794 4,622 18,165

0.3710 3,899 14,154
HGAIN to anal cancer

0.0039 9,428 71,139

0.0836 2,730 7,305
Anal Cancer mortality
rate

0.05127 4,478 18,693

0.1892 4,426 16,550
HRA Sensitivity

0.85 3,823 8,160
HRA Specificity

0.85 5,551 18,481
Treatment Effectiveness

0.63 4,405 17,639

0.75 4,525 16,927
Cost of anal cytology test

46 5,092 15,675

71 3,939 18,707
Cost of HGAIN ablation

271 4,200 16,996

449 4,49 17,449
Cost of Anal Cancer
treatment

18,080 4,899 17,959

72,345 3,620 16,301
Discount rate, %

0 4,046 13,020

5 4,751 21,200
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Incremental Cost-effectiveness Ratio,
$ per Quality-Adjusted Life Year Saved

HRA+ Cytology

Variable HRA then HRA  then HRA+ Cytology

10 5,569 33,460
Baseline CD4 count
between 200 and 500
celly mm?3 7 13,556
Baseline CD4 count
< 200 cells/ mm3 7 15,354

LGAIN: low-grade anal intra-epithelial neoplasia; HGAIN: high grade intraepithelia lesion; HRA: high resolution anoscopy.

L HRA then HRA used as baseline as other strategies were dominated.
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