UCSF

UC San Francisco Previously Published Works

Title
Treatment of Anal High-Grade Squamous Intraepithelial Lesions to Prevent Anal Cancer

Permalink
https://escholarship.org/uc/item/1jg4h55K

Journal
New England Journal of Medicine, 386(24)

ISSN
0028-4793

Authors

Palefsky, Joel M
Lee, Jeannette Y
Jay, Naomi

Publication Date
2022-06-16

DOI
10.1056/nejmoa2201048

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1jg4h55k
https://escholarship.org/uc/item/1jg4h55k#author
https://escholarship.org
http://www.cdlib.org/

1duosnuely Joyiny 1duosnuey Joyiny 1duosnuel Joyiny

1duosnuepy Joyiny

Author manuscript
N Engl J Med. Author manuscript; available in PMC 2022 December 16.

Published in final edited form as:
N Engl J Med. 2022 June 16; 386(24): 2273-2282. doi:10.1056/NEJM0a2201048.

-, HHS Public Access
«

Treatment of Anal High-Grade Squamous Intraepithelial Lesions
to Prevent Anal Cancer

J.M. Palefsky,
J.Y. Lee,

N. Jay,

S.E. Goldstone,
T.M. Darragh,
H.A. Dunlevy,

I. Rosa-Cunha,
A. Arons,

J.C. Pugliese,
D. Vena,

J.A. Sparano,
T.J. Wilkin,

G. Bucher,

E.A. Stier,

M. Tirado Gomez,
L. Flowers,

L.F. Barroso,
R.T. Mitsuyasu,
S.Y. Lensing,

J. Logan,

D.M. Aboulafia,
J.T. Schouten,
J. de la Ossa,
R. Levine,

J.D. Korman,
M. Hagensee,
T.M. Atkinson,
M.H. Einstein,
B.M. Cracchiolo,

Dr. Palefsky can be contacted at joel.palefsky@ucsf.edu or at the University of California, San Francisco, 513 Parnassus Ave., Rm.
£420, Box 0654, San Francisco, CA 94143.
The members of the ANCHOR Investigators Group are listed in the Supplementary Appendix, available at NEJM.org.

Disclosure forms provided by the authors are available with the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available with the full text of this article at NEJM.org.


http://NEJM.org
http://NEJM.org
http://NEJM.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Palefsky et al. Page 2

D. Wiley,

G.B. Ellsworth,

C. Brickman,

J.M. Berry-Lawhorn,

ANCHOR Investigators Group”

University of California, San Francisco School of Medicine, San Francisco (J.M.P.,, N.J., TM.D.,
A.A., C.B., J.M.B.-L.); University of Arkansas for Medical Sciences, Little Rock (J.Y.L., S.Y.L.);
Icahn School of Medicine at Mount Sinai (S.E.G., J.A.S.), Weill Cornell Medicine (T.J.W.,

G.B.E.), Montefiore Medical Center, Albert Einstein School of Medicine (R.L.), and Memorial
Sloan Kettering Cancer Center (T.M.A.) — all in New York; University of Colorado School of
Medicine, Aurora (H.A.D.); University of Miami School of Medicine, Miami (I.R.-C.); the Emmes
Company, Rockland, MD (J.C.P,, D.V.); Anal Dysplasia Clinic Midwest, Chicago (G.B.); Boston
University School of Medicine, Boston (E.A.S.); University of Puerto Rico Comprehensive Cancer
Center, San Juan (M.T.G.); Emory University School of Medicine, Atlanta (L.F.); Wake Forest
University Health Sciences, Winston-Salem, NC (L.F.B.); University of California, Los Angeles
Schools of Medicine (R.T.M.) and Nursing (D.W.), Los Angeles; Denver Public Health, Denver
(J.L.); University of Washington School of Medicine (D.M.A., J.T.S.) and the Polyclinic, Virginia
Mason Medical Center (J.0.) — both in Seattle; Capital Digestive Care, Washington, DC (J.D.K.);
Louisiana State University School of Medicine, New Orleans (M.H.); and Rutgers New Jersey
Medical School, Newark (M.H.E., B.M.C.).

Abstract

BACKGROUND—The incidence of anal cancer is substantially higher among persons living
with the human immunodeficiency virus (HIV) than in the general population. Similar to cervical
cancer, anal cancer is preceded by high-grade squamous intraepithelial lesions (HSILs). Treatment
for cervical HSIL reduces progression to cervical cancer; however, data from prospective studies
of treatment for anal HSIL to prevent anal cancer are lacking.

METHODS—We conducted a phase 3 trial at 25 U.S. sites. Persons living with HIV who were
35 years of age or older and who had biopsy-proven anal HSIL were randomly assigned, ina 1:1
ratio, to receive either HSIL treatment or active monitoring without treatment. Treatment included
office-based ablative procedures, ablation or excision under anesthesia, or the administration of
topical fluorouracil or imiquimod. The primary outcome was progression to anal cancer in a
time-to-event analysis. Participants in the treatment group were treated until HSIL was completely
resolved. All the participants underwent high-resolution anoscopy at least every 6 months; biopsy
was also performed for suspected ongoing HSIL in the treatment group, annually in the active-
monitoring group, or any time there was concern for cancer.

RESULTS—Of 4459 participants who underwent randomization, 4446 (99.7%) were included in
the analysis of the time to progression to cancer. With a median follow-up of 25.8 months, 9 cases
were diagnosed in the treatment group (173 per 100,000 person-years; 95% confidence interval
[CI], 90 to 332) and 21 cases in the active-monitoring group (402 per 100,000 person-years; 95%
Cl, 262 to 616). The rate of progression to anal cancer was lower in the treatment group than in the
active-monitoring group by 57% (95% CI, 6 to 80; P = 0.03 by log-rank test).

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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CONCLUSIONS—Among participants with biopsy-proven anal HSIL, the risk of anal cancer
was significantly lower with treatment for anal HSIL than with active monitoring. (Funded by the
National Cancer Institute; ClinicalTrials.gov number, NCT02135419.)

Like cervical cancer, anal cancer is caused by human papillomavirus (HPV) infection,
particularly HPV16,1 and is preceded by a high-grade squamous intraepithelial lesion
(HSIL), a precancerous growth that is also known as anal intraepithelial neoplasia (AIN)

2 or 3.2 Although anal cancer is rare in the general population, the incidence, percentage of
patients presenting with advanced disease, and associated mortality have been increasing in
the United States and other developed countries since the 1970s.3 The risk of anal cancer
varies widely among different population groups, with the highest risk seen in persons living
with the human immunodeficiency virus (HIV).# Other high-risk groups include persons
with immunosuppression for solid-organ transplantation and women with a history of vulvar
or cervical HSIL or cancer.4® Additional risk factors include a history of receptive anal
sexual intercourse, a history of genital warts, anal fissures or fistulas, and smoking.®

The incidence of anal cancer among men who have sex with men and are living with HIV
is estimated to be 89 per 100,000 person-years.*’ Among women living with HIV, the
incidence ranges from 18.6 to 35.6 per 100,000 person-years.’ In comparison, the incidence
of anal cancer in the general population is 1.6 per 100,000 person-years,® whereas that of
cervical cancer is 7.5 per 100,000 person-yearsS in the general population of U.S. women.

Persons living with HIV have a high prevalence and incidence of anal HPV infection

and anal HSIL,? findings consistent with their elevated risk of anal cancer. In a meta-
analysis, the risk of progression from anal HSIL to cancer was estimated to be 265 per
100,000 person-years'9 among men who have sex with men and are living with HIV.
However, reported risk estimates in some cohorts of persons living with HIV or transplant
recipients1-14 are even higher, and Danish data show a 5-year incidence of progression to
cancer of 14.1% among persons living with HIV with anal intraepithelial neoplasia.l®

Efforts to prevent anal cancer in at-risk groups have been modeled after programs for the
secondary prevention of cervical cancer.1® These efforts consist of anal HSIL screening with
the use of cytologic analysis, identification of HSIL through high-resolution anoscopy in
those who are screen-positive, and HSIL removal through ablation, surgical excision, or
other treatments. The prevention of anal cancer is desirable because anal cancer is associated
with poor survival when detected at late stages,1’-18 and treatment of cancers at all stages
with standard chemoradiation therapy is associated with acute and chronic adverse effects.

Current recommendations for anal HSIL screening and treatment are based on expert
opinion and lack rigorous evidence-based support.1920 Formal inclusion of anal-cancer
prevention programs in standard-of-care guidelines has awaited direct evidence that
treatment for anal HSIL reduces the risk of progression to anal cancer. The purpose of the
Anal Cancer—HSIL Outcomes Research (ANCHOR) trial was to determine whether treating
anal HSIL is effective and safe in reducing progression to anal cancer among persons living
with HIV as compared with active monitoring of HSIL without treatment.

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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METHODS
TRIAL DESIGN AND OVERSIGHT

This phase 3 randomized, controlled trial was performed at 25 sites in the United States.
The trial was approved by the institutional review boards at all the participating clinical
sites, and an independent data safety and monitoring board was appointed by the National
Cancer Institute to monitor the trial. The authors performed the statistical analysis and
wrote the first draft of the manuscript. The final submitted manuscript incorporated changes
recommended by the co-authors and was reviewed and approved by all the authors, who
vouch for the accuracy and completeness of the data and for adherence of the trial to the
protocol. No one who is not an author contributed to the manuscript. No commercial support
was provided for trial planning and execution. Additional details of the trial design have
been published previously?! and are also provided in the Supplementary Appendix and
protocol, available with the full text of this article at NEJM.org.

TRIAL POPULATION

Persons living with HIV who were 35 years of age or older were invited for anal HSIL
screening. After written informed consent was provided, an anal swab was collected for
liquid-based anal cytologic analysis. A complete physical examination and high-resolution
anoscopy were performed. Lesions suspicious for HSIL or cancer were biopsied according
to published standards?2 by clinicians certified for competence in high-resolution anoscopy
(Fig. S1 in the Supplementary Appendix).

Participants were eligible for the trial if HSIL (AIN3 or p16-positive AIN2)23 had been
diagnosed in at least one anal-canal or perianal biopsy sample by a local pathology
laboratory. Those with a history of anal cancer or anal cancer detected at screening were
ineligible and were referred for therapy as appropriate. A complete list of inclusion and
exclusion criteria is provided in the trial protocol.

RANDOMIZATION, STRATIFICATION, AND MASKING

Eligible participants returned within 12 weeks for randomization, at which time blood
samples were collected for the measurement of plasma HIV-1 RNA and CD4 levels.
High-resolution anoscopy was repeated to confirm the presence of HSIL. Randomization
was stratified according to trial site, the nadir CD4 count (<200 vs. >200 cells per cubic
millimeter), and lesion size at randomization (<50% vs. >50% of the anal canal or perianal
region). Participants were randomly assigned in a 1:1 ratio to the treatment group or the
active-monitoring group with the use of a permuted random block design.

TRIAL PROCEDURES

Participants who were assigned to the treatment group underwent immediate treatment

with the aim of eradicating all HSIL. Clinicians selected the method of treatment from

a list of protocol-defined options, in accordance with clinician and participant preference,
using method-specific algorithms (Fig. S2A and S2B). These treatments included ablative
procedures (infrared coagulation, electrocautery, and laser), ablation or excision under
anesthesia, and topical treatments (imiquimod and fluorouracil). Participants in the treatment

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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group returned for repeat high-resolution anoscopy in accordance with the treatment
protocol and at least every 6 months after randomization after all HSIL had been fully
treated. Lesions suspicious for HSIL were biopsied at any visit, and any recurrence was
treated. Participants in the active-monitoring group underwent high-resolution anoscopy
every 6 months after randomization. Visible lesions were biopsied annually to confirm
ongoing HSIL and the absence of cancer. Participants in either group with lesions arousing
concern for imminent progression to cancer could be seen every 3 months. Lesions
suspicious for cancer could be biopsied at any time. Participants who received a diagnosis of
biopsy-proven cancer were immediately removed from the trial and referred for appropriate
therapy.

The primary outcome was progression to anal cancer in a time-to-event analysis. A
secondary outcome was the safety of treatments for anal HSIL.

STATISTICAL ANALYSIS

Sample-size estimates were based on a log-rank test to compare the time to progression

to anal cancer between the treatment group and the active-monitoring group under the
following assumptions: rates of progression to cancer in both groups were constant over
time, with a 3-year accrual period and 5 years of follow-up, a 5% annual dropout rate in both
groups, and a 7% annual nonadherence rate in the active-monitoring group.242> Participants
in the active-monitoring group who received treatment for HSIL after randomization were
classified as having been nonadherent to the trial protocol. Participants in either group who
withdrew informed consent or who died during the trial were defined as having dropped out.
Data were censored at the time of nonadhererence or dropout. The trial had a power of 90%
to detect a difference between a rate of progression to cancer of 50 per 100,000 person-years
in the treatment group and a rate of 200 per 100,000 person-years in the active-monitoring
group (75% lower rate in the treatment group) at a two-sided 0.05 significance level; this
required 2529 participants per group for a total of 5058 participants to detect 31 anal
cancers.

Two interim analyses of the primary outcome were conducted after 50% and 75%

of the projected cancer cases had been observed to assess the futility of detecting a
significant between-group difference and to evaluate efficacy before full enrollment had
been completed. A final analysis was performed when 100% of the projected cases had been
observed. The Lan and DeMets spending function was used to specify the O’Brien—-Fleming
boundaries on the basis of a two-sided log-rank test (alpha level, 0.05).26 At the final test, an
overall two-sided alpha level of 0.05 and 90% power were maintained.

The primary analysis population was the intention-to-treat population, which included all
the eligible participants who had undergone randomization. Poisson regression models were
used to compare the two groups with respect to dropout rates and serious adverse events. For
each participant, the time until cancer detection was defined as the time from randomization
to diagnosis of anal cancer, with data collection censored at the date of the last follow-up
or time of nonadherence. A confirmatory analysis was performed without censoring data for

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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the participants in the active-monitoring group at the time of nonadherence. The log-rank
test was used to compare the treatment group and the active-monitoring group with respect
to the time to detection of anal cancer. The Cox proportional-hazards model was used to
assess the association of lesion size and nadir CD4 count with the time to cancer detection.
Poisson rates and 95% confidence intervals were used to describe cancer risk.

The AdvantageEDC electronic data-capture system, which had been developed and was
maintained by the Emmes Company, was used to collect trial data. Sample-size estimates
were generated with the use of PASS software. Analyses were performed with the use of
SAS software, version 9.4,

PARTICIPANTS

From September 24, 2014, to August 5, 2021, a total of 10,723 participants underwent
screening (Figs. 1 and S3). Biopsy-confirmed HSIL was diagnosed in 4257 of 7729

men (55.1%), in 860 of 1822 women (47.2%), and in 188 of 280 transgender persons
(67.1%) on the basis of complete results from cytologic and histologic analyses and high-
resolution anoscopy. A total of 17 participants (0.2%) received a diagnosis of anal cancer.
The primary reason for screening failure was the absence of biopsy-proven HSIL (Table
S2). Table 1 and Table S1 show the demographic characteristics of the participants who
underwent randomization according to trial group. A total of 4459 participants underwent
randomization, 2237 to the treatment group and 2222 to the active-monitoring group. A total
of 4446 participants had at least one follow-up visit after randomization and were included
in the analysis. Overall, the characteristics of the participants were well balanced between
the two groups and were similar to those of the overall U.S. population of persons living
with HIV, with some small differences (Table S3).

Central pathological review of screening biopsies from 4257 participants who had received a
diagnosis of HSIL from the local pathology laboratory confirmed HSIL in 4113 participants
(96.6%); participants without confirmed HSIL remained in the trial and were included in

the intention-to-treat analysis. Of the 4446 participants followed after randomization, 4151
(93.4%) remained in the trial at the time of trial closure. Reasons for trial discontinuation are
shown in Figure 1.

INTERVENTIONS AND FOLLOW-UP

In the treatment group, the initial treatment was office-based electrocautery ablation
(primarily hyfrecation) in 1862 of 2227 participants (83.6%), infrared coagulation in 107
(4.8%), ablation or excision under anesthesia in 52 (2.3%), topical fluorouracil in 100
(4.5%), and topical imiquimod in 12 (0.5%). More than one method of treatment was used
initially in 46 participants (2.1%), and 48 participants (2.2%) were not treated initially. Over
the course of the trial, 1921 participants (86.3%) were treated with one therapeutic method,
233 (10.5%) with two methods, 33 (1.5%) with three methods, and 1 (<0.1%) with four
methods.

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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The data and safety monitoring board was notified when 32 cases of anal cancer had been
observed; on data cleaning, 2 cases were determined to be ineligible (Fig. 1). In consultation
with the data and safety monitoring board, we proceeded with the analysis with 30 cases.
Participants in the treatment group and the active monitoring group contributed a median

of 25.3 and 27.2 months of follow-up, respectively (Table 1); the overall median follow-up
time was 25.8 months. The cumulative dropout rates were 2.8 per 100 person-years in

the treatment group and 2.2 per 100 person-years in the active-monitoring group. The
cumulative nonadherence rate in the active-monitoring group was 0.5 per 100 person-years.

PRIMARY OUTCOME

A total of 9 participants in the treatment group received a diagnosis of invasive anal cancer,
as did 21 participants in the active-monitoring group. All cases were confirmed on central
pathological review. The observed rate of progression to cancer in the treatment group was
173 per 100,000 person-years (95% confidence interval [CI], 90 to 332) of follow-up, as
compared with 402 per 100,000 person-years (95% Cl, 262 to 616) in the active-monitoring
group. The rate was lower in the treatment group than in the active-monitoring group

by 57% (95% Cl, 6 to 80; P = 0.03 by log-rank test). The cumulative incidence of
progression to anal cancer at 48 months was 0.9% in the treatment group and 1.8% in

the active-monitoring groups. Kaplan—Meier curves of the time to cancer detection in both
groups are shown in Figure 2.

A total of 25 participants in the active-monitoring group were nonadherent, and the median
time to nonadherence was 9.0 months (interquartile range, 1.8 to 17.9). An analysis in which
these participants’ time to cancer detection was not censored at the time of nonadherence
confirmed the findings that treatment reduced anal cancer (P = 0.03 by log-rank test).

The characteristics of the participants in whom cancer developed are shown in Table S4.

A total of 8 of 9 participants (89%) who had progression to cancer in the treatment group
were treated with electrocautery and 1 of 9 (11%) was treated with infrared coagulation.
The proportional-hazards model showed that the time to progression to anal cancer was
associated with lesion size (hazard ratio, 5.26; 95% ClI, 2.54 to 10.87) but not with nadir
CD4 count (hazard ratio, 1.93; 95% CI, 0.88 to 4.23). The rate of progression to anal cancer
was 1047 per 100,000 person-years among participants with a lesion size of more than 50%
of the anal canal or perianal region and 185 per 100,000 person-years among those with a
lesion size of 50% or less of the anal canal or perianal region.

ADVERSE EVENTS

Seven serious adverse events that were considered by the investigators to be related to a
trial intervention were reported in the treatment group, and one such event was reported in
the active-monitoring group (Table 2). Death occurred in 55 participants in the treatment
group and 48 participants in the active-monitoring group. No deaths were determined by the
investigators to be related to trial interventions. The causes of death are shown in Table S5.

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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DISCUSSION

Anal cancer is among the limited types of cancers that are potentially preventable through
treatment of known cancer precursors. Treating cervical HSIL is effective in reducing
progression to cervical cancer, although data from randomized clinical trials are lacking.1®
The Minnesota Colon Cancer Control Study showed a 67% reduction in colon cancer over

a period of 24 years with polypectomy.?” In this trial, we found that participants who had
undergone treatment for anal HSIL had a rate of progression to anal cancer that was nearly
60% lower than those who had undergone active monitoring and not received treatment. The
trial was not designed to compare the efficacy of different methods of treatment of HSIL;
however, most participants were treated with electrocautery (primarily hyfrecation), an
office-based procedure that is quick and generally has an acceptable adverse-event profile.

The rate of progression to cancer among the participants in the active-monitoring group, at
402 per 100,000 person-years, was higher than expected on the basis of published estimates
from cancer-HIV registry matches,8 even after accounting for all the trial participants
having HSIL. This finding may in part reflect early cancer detection in our trial; in the
absence of screening, anal cancer is usually diagnosed after the development of symptoms.
Consistent with this finding, the percentage of stage | or Il cancers that were diagnosed

in the active-monitoring group was higher than that reported in national data.® This result
may also partially reflect the higher proportion of smokers and participants reporting male-
to-male sexual contact than in the overall U.S. population of persons living with HIV.

Not all anal cancers were prevented through HSIL treatment. Similarly, treatment of cervical
HSIL or colon polyps does not completely eliminate the risk of progression to cervical
cancer?8-31 or colon cancer,?’ respectively. In the cervix, larger lesion size and positive
margins are associated with an increased risk of recurrent HSIL after treatment, particularly
among women living with HIV,32 and progression to cervical cancer.33 Similarly, a larger
lesion size was associated with an increased risk of progression to anal cancer in our

trial. Treatment of anal HSIL is particularly challenging in persons living with HIV owing
to a large lesion burden and number as reflected by high rates of HSIL recurrence or
metachronous disease with currently available methods of treatment.34-3¢ The high rate of
anal cancer in the treatment group highlights the need for more effective HSIL treatment
approaches and for close follow-up after HSIL treatment. Smoking was common in our
population and is a modifiable risk factor for anal cancer.

Strengths of the trial include a large, multicenter, diverse population of participants with
characteristics that were similar to those of the overall U.S. population of persons living

with HIV.37 Trial procedures were performed by clinicians who were well trained in
high-resolution anoscopy with pretrial qualification and ongoing quality assurance. Central
pathological review was performed on almost all biopsy samples with positive results

for HSIL during screening and all cases of anal cancer during the trial. The treatment
approaches in the trial were guided by high-resolution anoscopy and selected to replicate
those currently used in the community, maximizing generalizability. We had high trial
retention with low nonadherence and dropout rates. A limitation of the trial is that our results

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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may not be replicated if high-resolution anoscopy and treatment are performed by clinicians
with less training and clinical support.

The high rate of progression from HSIL to cancer among persons living with HIV in our
trial highlights the need for strong prevention efforts. HPV vaccination effectively prevents
the initial acquisition of anal HPV/38 and the development of anal HSIL in young persons
living with HIV.39 However, secondary prevention programs including treatment of anal
HSIL are urgently needed for those already exposed to anal HPV. Additional research is
needed to improve screening algorithms to identify anal HSIL. High-resolution anoscopy is
not a feasible screening tool given its cost and limited availability, and both anal cytologic
analysis and anal HPV testing have limitations.*? Expansion of diagnostic and therapeutic
training programs in the use of high-resolution anoscopy is also needed.

Our data show that treatment of anal HSIL, primarily with office-based electrocautery,
significantly reduced the risk of progression to anal cancer among persons living with HIV
who were 35 years of age or older. Such treatment was associated with a low incidence of
serious adverse events. Our data provide support for the use of screening and treatment for
anal HSIL as the standard of care for persons living with HIV who are 35 years of age or
older. Additional considerations should include assessment of the effect on quality of life
and other risk—benefit measures. Our data may also be relevant for other groups at increased
risk for anal cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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to answer

10,723 Participants were assessed for eligibility
8362 (78.0%) Were men
2031 (18.9%) Were women
306 (2.9%) Were transgender
24 (0.2%) Were nonbinary or declined

6264 Were excluded
17 Received a diagnosis of
anal cancer at baseline
5252 Did not meet other
inclusion criteria
441 Declined to participate
554 Had other reason

\

/

4459 Underwent randomization

\/

Y

2237 Were assigned to treatment
2227 Received assigned intervention
10 Did not receive assigned
intervention

2222 Were assigned to active
monitoring
2219 Received assigned intervention
3 Did not receive assigned
intervention

l

2071 Were in the trial at the time
of trial closure
156 Discontinued intervention

25 Were lost to follow-up

55 Withdrew consent

55 Died
1 Had adverse event
9 Had progression to cancer
5 Were withdrawn by investigator
6 Had other reason

2080 Were in the trial at the time
of trial closure
139 Discontinued intervention

26 Were lost to follow-up

39 Withdrew consent

48 Died

21 Had progression to cancer
4 Were withdrawn by investigator
1 Had other reason

Figure 1. Screening, Randomization, and Follow-Up.
Of the six participants in the treatment group who discontinued the intervention for “other

reason,” two received a diagnosis of anal cancer but were ineligible for analysis and were
discontinued from the trial because they were determined to have had anal cancer before
randomization, three relocated to a nontrial site, and one received immunomodulatory
agents after a kidney transplantation. Of the two participants in the active-monitoring group
who discontinued the intervention for “other reason,” both relocated to a nontrial site. A
total of 25 of 2219 participants (1.1%) in the active-monitoring group were considered

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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to be nonadherent because they had received treatment for anal high-grade squamous
intraepithelial lesions at some time after randomization.

N Engl J Med. Author manuscript; available in PMC 2022 December 16.
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Figure 2. Kaplan—-Meier Curve of the Time to Progression to Anal Cancer.
The inset shows the data on an expanded y axis. The shaded areas represent 95% confidence

intervals.
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