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1. Introduction

Persons living with HIV (PLWH) have a markedly higher risk of developing squamous cell
carcinoma of the anus (SCCA) than the general population. While the risk is highest in men
who have sex with men (MSM) living with HIV, women living with HIV (WLWH)
experience SCCA at rates of 10-29 cases per 100,000 person-years, with approximately
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eight times the rate of the general population.1=3 These rates approach cervical cancer rates
prior to the adoption widespread screening programs.

Like cervical cancer, anal cancer is caused by persistent infection with high-risk human
papillomavirus (HR-HPV) leading to the development of anal cancer precursors known as
high-grade squamous intraepithelial lesions (HSIL).4-6 The performance of abnormal anal
cytology as a screening tool for anal HSIL identified by high-resolution anoscopy (HRA),
when defined as at least atypical squamous cells of undetermined significance (ASC-US), is
limited with sensitivities of 69 to 93% and specificities of 32 to 59%.7-9 The performance of
anal cytology as a screening test varies with population screened, HIV infection, the
proportional involvement of the anal canal with HSIL 7 and relies on consistent
interpretation by cytopathologists.19 The limited specificity of anal cytology may result in
HRA procedures for many PLWH who do not have HSIL.

The addition of HR-HPV testing to cervical cytology can lengthen the interval between
cervical cancer screen requirements in women ages 30 years and older 11. HR-HPV co-
testing has not yet been shown to improve the performance of anal cytology in MSM living
with HIV, a population with a high prevalence of anal HR-HPV.12: 13 |n WLWH, the
prevalence of anal HR-HPV, using clinical HPV assays, is lower with reported ranges of 40
to 76%, and anal HR-HPV testing may be a more useful screening tool than for MSM living
with HIV,14-16

Xpert® HPV (Cepheid Inc, Sunnyvale, CA) is a simple-to-use, low-cost, test with point-of-
care potential that performs DNA extraction and PCR in an enclosed cartridge providing
results in about an hour. It provides semi-quantitative HPV DNA PCR results (as cycle
threshold), and expanded HPV typing information reporting 14 HR-HPV types in 5 groups
or channels (HPV 16, 18/45, 31/33/35/52/58, 51/59 and 39/68/56/66). Any channel with a
cycle threshold of > 40 cycles (for HPV 16, 18/45) or > 38 cycles (all remaining channels) is
considered negative. Xpert HPV includes a sample adequacy control (SAC) to control for
insufficient sample quality and assay inhibition, by reporting the detection and cycle
threshold of a human reference gene (hydroxymethylbilane synthase). It has been validated
in cervical samples and has performed similarly to clinical HPV tests 17- 18 and performed
similarly to Hybrid-Capture 2 assay (hc2 [Qiagen Corporation, Gaithersburg, MD]) in stored
anal samples in a cohort of WLWH.16

Xpert HPV offers the promise of point-of-care screening for anal HSIL in WLWH. Xpert
HPV’s expanded grouped genotyping and cycle threshold (Ct) could represent an
improvement in screening approaches if an optimized interpretation of these granular results
could capture an acceptable proportion of HSIL in WLWH while reducing the number of
women unnecessarily referred for HRA, i.e., improved specificity with only minor decreases
in sensitivity. Kuhn et. al. demonstrated optimization of Xpert HPV specificity from 60% for
cervical HSIL in South African WLWH to 77-86% with an accompanying decrease in
sensitivity from 94% to 75-85% by removing less predictive channels in their screen and
selecting alternate Ct cutoffs using receiver operator characteristic curve (ROC) analysis.1®
The risk of cervical HSIL and cancer differs by HPV genotype and highest with HPV 16.20
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Xpert HPV has not been submitted for approval to the United States Food and Drug
Administration (FDA).

We investigated using and optimizing Xpert HPV for anal HSIL screening using stored
specimens from AIDS Malignancy Consortium 084 (AMC 084), a multicenter study of anal
HSIL screening and outcomes in WLWH undergoing HRA.21 22

2. Materials and Methods

2.1. Study Population and Regulatory Approvals

AMC 084 cross-sectionally evaluated anal HPV as a screening test for anal HSIL.21: 22
AMC 084 accrued 256 WLWH who underwent anal swabs for cytology and HPV testing as
well as HRA with directed biopsies at the enrollment visit to evaluate for the presence of
histologic HSIL (hHSIL). All study samples were evaluated for the presence of HPV with
two assays that have been validated for the detection of cervical HSIL: the DNA-based hc2
and mRNA-based Aptima HPV test (Hologic Incorporated, Marlborough, MA).

Women with documented HIV-1 infection ages 18 years and older were recruited at 12 AMC
sites between 2014 and 2016. Eligibility and exclusion criteria are described elsewhere;21
only WLHW without a prior history of anal HSIL or carcinoma by cytology or histology
were enrolled. Study investigators who were certified by the AMC HPV Working Group for
HRA performed all study procedures. AMC 084 was approved by the Institutional Review
Board at each site. The additional analyses proposed here were approved by the National
Cancer Institute’s Cancer Therapy Evaluation Program, the Weill Cornell Medicine
Institutional Review Board and the Stellenbosch University ethics committee.

Specimen collection of both anal swabs and biopsies in AMC 084 are described elsewhere.
21 Biopsy and cytologic specimens were submitted for local pathological interpretation using
College of American Pathologists and the American Society for Colposcopy and Cervical
Pathology Lower Anogenital Squamous Terminology (CAP-ASCCP LAST) project?3 and
2014 Bethesda System?24 terminology. There was central pathology review of histologic
specimens at the University of California, San Francisco that ultimately determined the
diagnosis of histological HSIL. hHSIL was defined as the presence of HSIL (also known as
anal intraepithelial grade [AIN] 2 with p16 staining or AIN 3) in 1 or more anal histology
samples.

After anal cytology was obtained and stored in a separate vial, another swab was prepared in
20mL of Anal PreservCyt® specimen per participant was sent to the AMC Biorepository.
Aliquots of 8 mL and 1 mL were removed for analysis with hc2 and Aptima HPV,
respectively, by the corresponding test manufacturer sites per the original AMC 084
protocol. The remaining PreservCyt specimens of participants who had consented for future
analysis were frozen and stored. One mL of these samples was aliquoted and shipped to the
Preiser Laboratory at Stellenbosch University (Cape Town, South Africa) under a material
transfer agreement for analysis with Xpert due to the lack of availability of the cartridges in
the United States at the time.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ellsworth et al.

Page 4

One mL of thawed fluid was placed into a Xpert cartridge and processed on the Xpert
platform according to the manufacture’s specifications. The additional genotypic and cycle
threshold data were extracted using specialized software available in the laboratory provided
by Cepheid.

2.2. Statistical Analysis

Agreement between Xpert and hc2, Aptima HPV, and abnormal anal cytology (combined
result of ASC-US, LSIL, ASC-H, or HSIL) respectively was assessed by calculating
interrater agreement and Cohen’s kappa statistic. The test characteristics, including false
omission rates, of Xpert and hc2, Xpert and Aptima, and Xpert and abnormal cytology to
predict hHSIL were calculated. McNemar’s exact test was used to compare the sensitivities
and specificities between Xpert and hc2, Xpert and Aptima, and Xpert and abnormal anal
cytology (ASC-US or more severe).

The ability of Xpert’s channels (HPV 16, 18/45, 31/33/35/52/58, 51/59, 39/56/66/68) to
predict the presence of prevalent hHSIL was assessed using chi-squared tests in univariate
analysis and then using logistic regression for multivariate analysis. Various co-testing
models, using both Xpert and cytology, were also assessed.

Various interpretive models of Xpert results were developed using the expanded grouped
genotypic results and cycle threshold results using either logistic regression models and
ROC analysis or recursive partitioning (RPART) in classification and regression tree (CART)
25 analyses. All statistical analyses were performed in R2% using RStudio.2’

2.2.1. ROC Analysis using Xpert Channels—Multiple logistic regression models
were created with a focus on model parsimony. Using the model coefficients, predictive
probabilities for hHHSIL were calculated. ROC curves of predictive thresholds were plotted.
A predictive cutoff was selected by choosing the geometric threshold on the curve nearest
the top-left-most corner of the ROC graph, in an effort to maximize specificity preferentially
to sensitivity. Xpert results were reinterpreted in the study population based on the selected
cutoff and new tests characteristics were calculated for this optimized screening test to detect
hHSIL.

2.2.2. RPART Analysis using Xpert Channels—A RPART fitted model was created
using Xpert Channel data given the relative complexity of reinterpreting Xpert results based
on certain patterns of channel positivity. This approach selects cut points based on prediction
rather than maximizing sensitivity and/or specificity. We then the calculated the test
performance parameters of this decision tree model’s ability to predict prevalent hHSIL.

2.2.3. Cycle Threshold—Xpert channels’ cycle thresholds (Ct) were subjected to ROC
analysis to select different Ct cutoffs that may better discriminate the presence of hHSIL for
a given channel. Xpert channel positivity was reinterpreted using the new Ct cutoffs and then
we combined these reinterpreted channels with other unmodified channels to verify if
alternate cutoffs produced improvements in test discrimination. These optimized channels
were then included in a similar logistic regression modeling and ROC analysis approach
described above to assess the performance of certain channel patterns to predict anal HSIL.
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RPART analysis was employed to generate a decision tree model to assess whether more
complex relationships existed between channel Cts.

Building on this analysis, Xpert channel Ct values were normalized using the Ct value for
the SAC channel. All of the above optimization analyses were repeated to assess if
normalization resulted in any change in the predictive performance of a modified assay.

3. Results

3.1. Study Population

Of the 276 WLWH providing consent for the study, 234 participants consented for future use
of specimens and collected data. There was sufficient remaining PreservCyt specimen
available for Xpert analysis in 208 of the 234 women. Xpert results were available for 195
participants for this analysis as the result of 3 Xpert cartridge errors, 2 Xpert platform errors,
and lack of adequate SAC detection in 8 samples (Figure S1, Supplemental Digital Content).
Among the 8 participants whose specimens failed Xpert SAC detection, all participants had
interpretable cytology, valid hc2 and Aptima results, in one HR-HPV was detected by
Aptima with benign anal biopsies, and another participant who had anal hHSIL. The
characteristics of the sub-cohort with Xpert results did not differ significantly from those of
the greater AMC 084 study cohort. 55 (28%) participants with Xpert results had prevalent
hHSIL and 122 (62%) had abnormal anal cytology (Table S1, Supplemental Digital
Content).

3.2. Agreement of Screening Tests

Anal HR-HPV was detected in 90 (47%), 85 (46%), 121 (61%) women by hc2, Aptima, and
Xpert. The agreement of Xpert with cytology (ASC-US or more severe) (Cohen’s x = 0.35,
95% CI 0.21 to 0.49) was lower than that of Xpert with hc2 (Cohen’s x = 0.59, 95% CI 0.48
to 0.69) and that of Xpert with Aptima (Cohen’s x = 0.64, 95% CI 0.53 to 0.74) (Table 1).

3.3. Xpert Performance

The sensitivity (Sn) and specificity (Sp) of Xpert for hHHSIL were 89% and 49% which were
significantly different from those of hc2 at 76% and 65%, respectively, in the subcohort. The
Sn of Aptima was not significantly different than Xpert at 80% but the Sp of Aptima
exceeded that of Xpert at 67%. Only cytology had Sn and Sp that were not different from
Xpert at 87% and 49%, respectively (Table 2).

Using a co-testing strategy requiring anal cytology more severe than ASC-US and detection
of HR-HPV by Xpert had a respective Sn and Sp of 81% and 68% (Table 2) with a risk-ratio
(RR) of 5.0 (95% Cl 2.7, 9.3).

3.4. Prediction of hHSIL by Xpert

Unmodified Xpert was predictive of hHSIL (risk ratio [RR] 5.0, 95 % CI 2.3, 11.1). Xpert

detection of HPV 16 was highly predictive of hHSIL in bivariate (RR 4.1, 95% ClI 2.8, 6.0)
and when included in multivariate analysis with the other channels (aOR 12.6; 95% CI 4.9,
35.4, Table S2, Supplemental Digital Content). Xpert detection of HPV 18/45 was the only

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ellsworth et al.

Page 6

genotypic results that was not predictive in bivariate (RR 1.0; 95% CI 0.5, 1.8) or
multivariate analysis (aOR 0.7, 95% CI 0.2, 2.0, Table S2, Supplemental Digital Content).
Of 121 WLWH with detection of HR HPV by Xpert, 60 (50.0%) had detection in more than
a single channel.

3.5. ROC Optimization

Multiple logistic regression models were explored and the most parsimonious was selected
(Table 3). Predictive probabilities were calculated using the regression coefficients and were
used to plot an ROC curve (Figure 1-A) and to select an optimized probability cutoff.
Probabilities of hHSIL based on one or more Xpert channel results = the cutoff are
considered positives screens and are enumerated at and to the left of the vertical line on the
x-axis in Figure 1-B. This produced an optimized Xpert assay with a Sn of 74.6% and Sp of
83.6% for anal hHSIL (Table 2).

ROC analysis was used to select optimized Ct cutoffs for each channel (including HPV
18/45, see HPV 18/45 Optimization, Supplemental Digital Content) but this did not
markedly improve test performance when included with an unmodified Xpert test or in
optimization models.

3.6. Recursive Partitioning

Recursive partitioning was used to produce a decision tree using Xpert’s channel results
which detected hHSIL with Sn of 64% and Sp of 91% (Figure S2, Supplemental Digital
Content). Of note HPV 18/45 and 39/56/66/68 were excluded by this model. Generation of a
decision tree using alternate channel Ct cutoff was generated (Figure 2) and predicted anal
hHSIL with Sn of 74.6% and Sp of 86.4% (Table 2).

The ratio of Xpert channel Cts to same channel SAC Ct were calculated on the assumption
that a lower SAC Ct corresponds to cytologic specimen with higher cellularity and therefore
higher quantity of HPV DNA and analyzed with recursive partitioning. A test was not found
with superior test characteristics compared with the other models.

4. Discussion

This study demonstrated that Xpert HPV can be useful to screen WLWH for anal hHSIL
with similar performance to anal cytology with Sn around 90% and specificity around 50%.
We demonstrated that the screening characteristics of Xpert can be improved using the
genotypic and/or cycle threshold (DNA quantification) results to improve specificity to
>82% while maintaining sensitivity 275%. A co-testing strategy using both abnormal
cytology and unmodified Xpert did not perform better than other the HPV assays or the
optimized Xpert assays. In all analyses detection of HPV 16 was most predictive of anal
HSIL and is a clear indication for referral to HRA in WLWH.

This decreased sensitivity of these optimized tests will misclassify additional WLWH that
had hHSIL while the increased specificity reduces the number of WLWH referred for HRA
that do not have HSIL. Most hHSIL will not progress to cancer and hHSIL that does

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.
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progress will do so slowly.# Frequent repeat screening may detect missed prevalent HSIL
and as well as newly incident HSIL.

While the best agreement was between Xpert and Aptima there was less agreement between
Xpert and hc2 which differs from prior clinical studies comparing the two tests in anal
specimens from South African WLWH?16 and as well as in cervical specimens from women
referred for colposcopic evaluations.1”: 18 Any disagreement may be due to differences in
test methodology: mRNA (Aptima), DNA-hybridation (hc2), versus DNA PCR (Xpert).
Xpert detected more HR-HPV than hc2 or Aptima. The lower rate of agreement may also be
due to differences in prevalent genotypes between South African WLWH and this AMC
study population, differences in sample preparation, and differences in detected genotypes.
Xpert targets HPV 66 but hc2 does not—although HPV 66 would be expected to provide
only a very minor contribution to any differences detected.

Our analysis benefited from a large racially and ethnically diverse group of participants
which approximates the HIV epidemic among WLWH in the United States and Puerto Rico.
28 The sample was not enriched from the use of a referral population or based on prior
history of HPV disease. HRA provider metrics were monitored and there was central
pathology review of histologic samples to ensure diagnostic quality. Furthermore, we did not
compare Xpert to another HPV DNA real-time PCR test, instead, we compared it to two
other HPV detection modalities: DNA hybridization (hc2), and mRNA amplification
(Aptima).

AMC 084 was adequately powered to evaluate the various screening tests and strategies and
not for analyses to optimize Xpert HPV. Another limitation is that we did not perform
validation of our results. The cohort was limited to WLWH in the United States and Puerto
Rico, and test performance would have to be separately validated and/or optimized in
populations in which prevalent HPV genotypes and HSIL incidence are different. Although
we did not use freshly collected samples for the analysis, the use of stored samples does not
appear to be an issue given the high rates of detection of HR-HPV by Xpert.

While these results need to be validated, they demonstrate that Xpert may be used to rapidly
screen WLWH for anal hHSIL, potentially as a point of care test. This would be useful for
low resource settings that lack cytopathologic services but have the Xpert platform due to its
wide dissemination in low and intermediate income countries for diagnosis and
identification of drug-susceptible and drug-resistant tuberculosis.2® We also demonstrated
that the optimized Xpert models would result in a 44 to 50% relative reduction in positive
screening tests with only 0.6 to 0.8% increases in anal hHSIL false omission rates compared
with anal cytology. The improved specificity of these optimized tests reduces the number of
WLWH without anal hHSIL who would be unnecessarily referred for HRA. A reduction in
HRA burden allows for better utilization of HRA-trained providers particularly in settings
where this is a limited resource.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ellsworth et al.

Page 8

Acknowledgements

We acknowledge the many women living with HIV that volunteered to participate in this study.

Conflicts of Interest and Source of Funding: G.B.E. was supported by T32 Al007613 (Division of Infectious
Diseases, Weill Cornell Medicine, R. Gulick) and UL1 TR002384 (Weill Cornell Medicine Clinical and
Translational Science Center). Funding for this work came from UM1 CA121947 (AIDS Malignancy Consortium,
R. Mitsuyasu) and R01 CA163103 (E.Y.C). N.J. has received honoraria from Antiva and is on Merck and Co
advisory board. R.D.C. has received personal fees from UpToDate, outside the submitted work. S.E.G. has received
personal fees from Merck and Co, grants from Antiva and Inovio, and other support from THD America. T.D. has
received non-financial support from Hologic and personal fees from Roche, BD, Antiva, and TheVax. M.H.E. has
advised or participated in educational speaking activities but does not receive honoraria from any companies; his
employers have received payment for his time spent for these activities from Papivax, Cynvec, Altum Pharma,
Photocure, Becton Dickinson, and PDS Biotechnologies. Rutgers has received grant funding for research-related
costs of clinical trials on which M. H. E. has been the overall or local principal investigator from Johnson &
Johnson, Pfizer, AstraZeneca, Advaxis, and Inovio; he also has received other support from Photocure, Papivax,
Cynvec, PDS, Altum Pharma, and Becton Dickinson, outside the submitted work. E.A.S. has received nonfinancial
support from Qiagen and Hologic. J.M.B.-L. has received personal fees from Antiva. J.M.P. has received grants and
nonfinancial support from Merck and Co; grants, personal fees, and other support from Vir Biotechnologies,
Ubiome, and Antiva Biosciences; personal fees from Janssen Pharmaceuticals, Novan, and Vaccitech; and
nonfinancial support from Virion Therapeutics. T.J.W. has received grants and personal fees from
GlaxoSmithKline/ViiV Healthcare, outside the submitted work.

7. References

1. Colon-Lopez V, Shiels MS, Machin M, et al. Anal Cancer Risk Among People With HIV Infection
in the United States. Journal of clinical oncology : official journal of the American Society of
Clinical Oncology. 11 15 2017:JC02017749291. d0i:10.1200/JC0.2017.74.9291

2. Silverberg MJ, Lau B, Justice AC, et al. Risk of anal cancer in HIV-infected and HIV-uninfected
individuals in North America. Clin Infect Dis. 4 2012;54(7):1026-34. doi:10.1093/cid/cir1012
[PubMed: 22291097]

3. Piketty C, Selinger-Leneman H, Grabar S, et al. Marked increase in the incidence of invasive anal
cancer among HIV-infected patients despite treatment with combination antiretroviral therapy.
AIDS. 2008/06 2008;22(10):1203-1211. doi:10.1097/qad.0b013e3283023f78 [PubMed: 18525266]

4. Berry JM, Jay N, Cranston RD, et al. Progression of anal high-grade squamous intraepithelial
lesions to invasive anal cancer among HIV-infected men who have sex with men. Int J Cancer. 3
2014;134(5):1147-55. doi:10.1002/ijc.28431 [PubMed: 23934991]

5. Moscicki AB, Schiffman M, Kjaer S, Villa LL. Chapter 5: Updating the natural history of HPV and
anogenital cancer. Vaccine. 8 31 2006;24 Suppl 3:53/42-51. doi:10.1016/j.vaccine.2006.06.018

6. Chin-Hong PV, Palefsky JM. Human papillomavirus anogenital disease in HIV-infected individuals.
Dermatol Ther. Jan-Feb 2005;18(1):67-76. doi:10.1111/j.1529-8019.2005.05009.x [PubMed:
15842614]

7. Nathan M, Singh N, Garrett N, Hickey N, Prevost T, Sheaff M. Performance of anal cytology in a
clinical setting when measured against histology and high-resolution anoscopy findings. AIDS 1
2010;24(3):373-9. d0i:10.1097/QAD.0b013e328333ab8e [PubMed: 20057313]
8. Berry JM, Palefsky JM, Jay N, Cheng SC, Darragh TM, Chin-Hong PV. Performance characteristics
of anal cytology and human papillomavirus testing in patients with high-resolution anoscopy-guided
biopsy of high-grade anal intraepithelial neoplasia. Dis Colon Rectum. 2 2009;52(2):239-47.
doi:10.1007/DCR.0b013e31819793d9 [PubMed: 19279418]
9. Chiao EY, Giordano TP, Palefsky JM, Tyring S, El Serag H. Screening HIV-infected individuals for
anal cancer precursor lesions: a systematic review. Clin Infect Dis. 7 15 2006;43(2):223-33.
doi:10.1086/505219 [PubMed: 16779751]
10. Darragh TM, Tokugawa D, Castle PE, et al. Interrater agreement of anal cytology. Cancer
Cytopathol. 2 2013;121(2):72-8. doi:10.1002/cncy.21218 [PubMed: 22811048]

11. Moyer VA, USPSTF. Screening for cervical cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 6 2012;156(12):880-91, W312.
doi:10.7326/0003-4819-156-12-201206190-00424 [PubMed: 22711081]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ellsworth et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Page 9

Salit IE, Lytwyn A, Raboud J, et al. The role of cytology (Pap tests) and human papillomavirus
testing in anal cancer screening. AIDS. 6 2010;24(9):1307-13. doi:10.1097/
QAD.0b013e328339e592 [PubMed: 20442633]

Burgos J, Hernandez-Losa J, Landolfi S, et al. The role of oncogenic human papillomavirus
determination for diagnosis of high-grade anal intraepithelial neoplasia in HIV-infected MSM.
AIDS. 10 2017;31(16):2227-2233. doi:10.1097/QAD.0000000000001605 [PubMed: 28723712]

Tandon R, Baranoski AS, Huang F, et al. Abnormal anal cytology in HIV-infected women.
American Journal of Obstetrics and Gynecology. 2010/07 2010;203(1):21.e1-21.e6. doi:10.1016/
.4j0g.2010.01.010 [PubMed: 20223443]

Holly EA, Ralston ML, Darragh TM, Greenblatt RM, Jay N, Palefsky JM. Prevalence and Risk
Factors for Anal Squamous Intraepithelial Lesions in Women. JNCI Journal of the National
Cancer Institute. 2001/06/06 2001;93(11):843-849. doi:10.1093/jnci/93.11.843 [PubMed:
11390533]

Mbulawa ZZA, Wilkin T, Goeieman BJ, et al. Prevalence of Anal Human Papillomavirus (HPV)
and Performance of Cepheid Xpert and Hybrid Capture 2 (hc2) HPV Assays in South African
HIV-Infected Women. Am J Clin Pathol. 8 1 2017;148(2):148-153. doi:10.1093/ajcp/agx050
[PubMed: 28898982]

Einstein MH, Smith KM, Davis TE, et al. Clinical evaluation of the cartridge-based GeneXpert
human papillomavirus assay in women referred for colposcopy. J Clin Microbiol. 6
2014,52(6):2089-95. doi:10.1128/JCM.00176-14 [PubMed: 24719440]

Castle PE, Smith KM, Davis TE, et al. Reliability of the Xpert HPV assay to detect high-risk
human papillomavirus DNA in a colposcopy referral population. Am J Clin Pathol. 1
2015;143(1):126-33. doi:10.1309/AJCP4QONSDHWIZGU [PubMed: 25511151]

Kuhn L, Saidu R, Boa R, et al. Clinical evaluation of modifications to a human papillomavirus
assay to optimise its utility for cervical cancer screening in low-resource settings: a diagnostic
accuracy study. Lancet Glob Health. 2 2020;8(2):e296—304. doi:10.1016/
$2214-109X(19)30527-3 [PubMed: 31981559]

Bonde JH, Sandri MT, Gary DS, Andrews JC. Clinical Utility of Human Papillomavirus
Genotyping in Cervical Cancer Screening: A Systematic Review. J Low Genit Tract Dis. 1
2020;24(1):1-13. doi:10.1097/LGT.0000000000000494 [PubMed: 31714325]

Stier EA, Lensing SY, Darragh TM, et al. Prevalence of and Risk Factors for Anal High-grade
Squamous Intraepithelial Lesions in Women Living with Human Immunodeficiency Virus. Clin
Infect Dis. 4 10 2020;70(8):1701-1707. doi:10.1093/cid/ciz408 [PubMed: 31292602]

Chiao EY, Lensing SY, Wiley DJ, et al. Screening strategies for the detection of anal high-grade
squamous intraepithelial lesions in women living with HIV. AIDS. 12 2020;34(15):2249-2258.
doi:10.1097/QAD.0000000000002694 [PubMed: 32947592]

Darragh TM, Colgan TJ, Cox JT, et al. The Lower Anogenital Squamous Terminology
Standardization Project for HPV-Associated Lesions: background and consensus recommendations
from the College of American Pathologists and the American Society for Colposcopy and Cervical
Pathology. Arch Pathol Lab Med. 10 2012;136(10):1266-97. doi:10.5858/arpa.LGT200570
[PubMed: 22742517]

Darragh TM, Palefsky JM. Anal Cytology. In: Nayar R, Wilbur DC, eds. The Bethesda System for
Reporting Cervical Cytology: Definitions, Criteria, and Explanatory Notes. Springer International
Publishing; 2015:263-285.

Breiman L, Friedman JH, Olshen RA, Stone CJ. Classification and Regression Trees. Taylor and
Francis Group, LLC; 1984.

R: A Language and Environment for Statistical Computing. Version 3.5.3. R Foundation for
Statistical Computing; 2019. http://www.R-project.org/

RStudio: Integrated Development for R. Version 1.1.463. RStudio, Inc.; 2018. http://
www.rstudio.com

Centers for Disease Control and Prevention. HIV Surveillance Report, 2018 (Updated). Vol. 31.
2020:100. Published May 2020. Accessed 6 Jan 2021. https://www.cdc.gov/hiv/library/reports/hiv-
surveillance.html

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.


http://www.R-project.org/
http://www.rstudio.com
http://www.rstudio.com
https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ellsworth et al.

Page 10

29. Meyer-Rath G, Schnippel K, Long L, et al. The impact and cost of scaling up GeneXpert MTB/RIF
in South Africa. PLoS One. 2012;7(5):e36966. doi:10.1371/journal.pone.0036966 [PubMed:
22693561]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ellsworth et al.

A

Sensitivity

Page 11

B 1.00
1.001
= 0751
0.75 I
<
S
2
E
3
0.504
0.50- AUC: 0.84 2
[0
2 Channel Genotypes
O
8 16 16
o P3 31/33/35/52/58
) 251
0.25 4 Top-left Point 025 P4 51/59
® Unmodified Xpert P5 39/56/66/68
0004 16 16 16 16 16 16 16 16 T
- P3 P3 P3 P3 P3 P3 P3 P3
| ! : : | P4 P4 P4 P4 P4 P4 P4 P4
1.00 0.75 0.50 0.25 0.00 P5 P5 P5 P5 P5 P5 P5 P5
Specificity Xpert Channels

Figurel.

A. ROC curve generated from predictive probabilities calculated using the coefficients of the
logistic model in Table 3. The predictive cutoff selected (p = 0.242) is the top-left most point
(@) which corresponds to the vertical line in Figure 1-B. B. Predictive probabilities each
permutation of channel results. All channel results permutations at and to the left of the
vertical line are considered positive screens. For reference, the performance of unmodified

Xpert to detect hHSIL is also plotted (@).
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Figure 2.

Recursive partitioning decision tree using Xpert channel cycle thresholds (Ct). This decision
tree predicts anal hHSIL with a sensitivity of 75% and specificity of 86%.
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Table 1.

Agreement of Anal Cytology, hc2, and Aptima with Unmodified Xpert.

Xpert

hc2 Aptima Anal Cytology

Agreement, %

Cohen’s x [95% CI]

Xpert +, n
Xpert -, n

79.8 815 69.1
059 [0.48t00.69] 0.64[0.53t00.74] 0.35[0.21 to 0.49]

+n - n +,n - n +,n = n
85 34 81 30 86 29
5 64 4 69 29 44
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Table 3.

Multivariate predictive logistic model by Xpert Channel.

Page 15

Xpert Result  Participantswith Result, n (%) Prevalence hHSIL inin thosewith Result,n (%) Adjusted Odds Ratio [95% CI]

13.1(5.1,36.5)
2.6(1.2,5.7)*F
48(1.8,12.7)*"

2.1(0.8,4.8)"

16 33 (17) 25 (76)
31/33/35/52/58 69 (36) 31 (45)
51/59 32 (16) 20 (63)
39/56/66/68 54 (28) 27 (50)
*
p <0.001
Ak
p <0.02
Ak
p=0.09
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