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Abstract

Objective: To evaluate the natural history of treated and untreated cervical intraepithelial 

neoplasia-2 (CIN2) among HIV-positive women.

Methods: Participants were women enrolled in the Women’s Interagency HIV Study between 

1994 and 2013. 104 HIV-positive women diagnosed with CIN2 before age 46 were selected, 

contributing 2,076 visits over a median of 10 years (IQR 5–16). The outcome of interest was 

biopsy-confirmed CIN2 progression, defined as CIN3 or invasive cervical cancer. CIN2 treatment 

was abstracted from medical records.
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Results: The majority of women were African American (53%), current smokers (53%) and had 

a median age of 33 years at CIN2 diagnosis. Among the 104 HIV-positive women, 62 (59.6%) did 

not receive CIN2 treatment. Twelve HIV-positive women (11.5%) showed CIN2 progression to 

CIN3; none were diagnosed with cervical cancer. There was no difference in the median time to 

progression between CIN2-treated and -untreated HIV-positive women (2.9 vs. 2.7 years, p=0.41). 

CIN2 treatment was not associated with CIN2 progression in multivariate analysis (aHR [adjusted 

hazard ratio] 1.82; 95% CI [confidence interval] 0.54, 7.11), adjusting for combination 

antiretroviral therapy (cART) and CD4+ T cell count. In HIV-positive women, each increase of 

100 CD4+ T cells was associated with a 33% decrease in CIN2 progression (aHR 0.67; 95% CI 

0.47, 0.88), adjusting for CIN2 treatment and cART.

Conclusions: CIN2 progression is uncommon in this population, regardless of CIN2 treatment. 

Additional studies are needed to identify factors to differentiate women at highest risk of CIN2 

progression.

Precis:

Cervical intraepithelial neoplasia-2 progression is uncommon in HIV-positive women of 

reproductive age on combination antiretroviral therapy over 10 years, regardless of cervical 

intraepithelial neoplasia-2 treatment.

Keywords

cervical intraepithelial neoplasia; cervix; disease progression; HIV; antiretroviral therapy; CD4 
lymphocyte count; prospective studies; cohort studies

INTRODUCTION

Women living with HIV have a higher risk of cervical intraepithelial neoplasia (CIN) and 

cervical cancer, as well as higher risk of infection by human papillomavirus (HPV), 

compared to HIV-negative women [1–5]. Currently, most women diagnosed with CIN2 or 

more advanced cervical disease are counseled to undergo excision of the abnormal tissue, 

regardless of HIV status [6,7]. However, there is evidence that treatment by excision can 

affect cervical competence resulting in subsequent pregnancy complications [8], including 

preterm delivery [9,10]. Women living with HIV would then be disproportionally affected 

by these adverse treatment effects given the higher risk of CIN development. Advances in 

HIV therapies have improved the overall health of HIV-positive individuals and effectively 

prevented mother-to-child transmission in the US [11], with approximately 8,500 American 

women with HIV giving birth annually [11]. Thus, studying the risk of CIN2 progression 

among HIV-positive women of reproductive age can provide more precise guidance on 

treatment options for women and their health-care providers.

In this study, we evaluated the natural history of CIN2 among a group of women of 

reproductive age enrolled in the Women’s Interagency HIV Study (WIHS), a longstanding 

observational cohort of HIV-positive and high-risk HIV-negative women. To provide 

additional guidance for HIV-positive women of reproductive age with CIN2, we sought to 
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ascertain the risk of CIN2 progression, determine the time it takes for CIN2 progression to 

occur, and identify factors associated with CIN2 progression.

METHODS

Data for this study were obtained from the Women’s Interagency HIV Study (WIHS), a 

prospective observational cohort study in which HIV-positive and high-risk HIV-negative 

women were enrolled at six sites (Bronx and Brooklyn, NY; Chicago, IL; Los Angeles and 

San Francisco, CA; and Washington, DC) during three recruitment phases: 1994–1995, 

2000–2001, and 2012–2013 [12,13]. Data for the current study spanned from October 1, 

1994 to September 30, 2013 (total enrollment: 2,599 HIV-positive and 912 HIV-negative 

women). The study design of the WIHS is detailed elsewhere [12,13]. Briefly, women visit a 

study site every six months. During each visit, physical and obstetric/gynecologic 

examinations are performed and biological specimens are collected. A Pap test was obtained 

at each visit from visit 1 (starting October 1, 1994) to visit 37 (ending March 31, 2013). 

Beginning with visit 38 (occurring April 1, 2013 to September 30, 2013), women at low risk 

of CIN (defined as 3 consecutive normal Pap tests) have Pap testing done annually. 

Colposcopy and biopsy are performed for all women who have an abnormal Pap test 

(atypical squamous cells of undetermined significance (ASC-US+) or more severe) or have 

abnormal findings on gynecologic exam. Information on CIN treatment is collected through 

medical record abstraction. Treatment is not offered through the WIHS, as the study is solely 

observational, however study staff refer participants to seek treatment and care from their 

providers. Written informed consent was obtained from all WIHS participants. The local 

institutional review boards reviewed and approved all study-related activities at each WIHS 

site.

A total of 251 women with biopsy-confirmed cervical CIN2 before the age of 46 (the cutoff 

used to include women of reproductive age) were included. These 251 women must have 

had an adequate colposcopy at the time of CIN2 biopsy, where the pathologist noted the 

lesion was visible, to ensure an accurate biopsy. Of the 251 initially identified women, 106 

were excluded due to a biopsy-confirmed diagnosis of CIN3, adenocarcinoma in situ, or 

invasive cervical cancer in a visit prior to the CIN2 diagnosis. A further 27 women were 

excluded who did not have at least two follow-up evaluations for cervical disease by Pap test 

or histology within two years post-CIN2 diagnosis. Thus, 118 women (104 HIV-positive and 

14 HIV-negative) were included in the present study (Figure 1).

Three potential outcomes were defined: progression, regression, or stable disease. CIN2 

disease regression was defined as either: i) a lower grade lesion than CIN2 on all subsequent 

biopsies (CIN1 or no abnormality detected) or ii) normal Pap tests across all follow up visits 

after the index visit. Disease progression was defined as any cervical disease greater than 

CIN2 by histology at least six months after the index visit—CIN3 or cervical cancer 

diagnosis within six months was considered CIN2 misclassification at the initial visit and 

not included in further analyses. Stable disease was defined as having CIN2 persist in any 

follow-up visits after the index visit.
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Covariates included demographic variables, behavioral factors, reproductive and 

gynecologic medical history, and HIV-related health information. Demographic variables 

included race (white [reference], Black, Hispanic, other) and age (continuous). Behavioral 

factors included smoking status (never smoker [reference], current smoker, former smoker). 

Categorical number of current sexual partners were considered by gender and number (Table 

1), but condensed into total partner number within the previous 6 months for regression 

analyses. Reproductive and gynecologic medical characteristics included treatment of CIN2 

received on a date within the same 6-month WIHS visit window (yes/no), percentage of 

abnormal cells at colposcopy (less than 25% [reference], 25-less than 50%, 50-less than 

75%, greater than 75%), and overall impression of cervix at colposcopy (normal [reference], 

abnormal, but no squamous intraepithelial lesions (SIL), low grade, high grade neoplasia). 

Current pregnancy, cervical exam adequacy (satisfactory, endocervical speculum used to 

visualize squamocolumnar junction, or unsatisfactory), and Pap test results (normal, ASC-

US, atypical squamous cells cannot exclude HSIL (ASC-H), low-grade squamous 

intraepithelial lesion (LSIL), high-grade squamous intraepithelial lesion (HSIL)) were 

considered as covariates. HIV-related variables of interest included combination anti-

retroviral (cART) use in visit (yes/no), CD4 T cell count in visit or plasma HIV viral load in 

visit.

Use of cART [14], CD4+ T cell count [14], plasma HIV RNA level, number of sexual 

partners [14,15], and smoking status [14,15] were considered time-varying covariates. CIN2 

treatment was analyzed as a time-varying variable coded as follows: 1) for those treated 

within six months of the index visit, the index visit and all follow-up visits were “CIN2 

treated”; 2) for those who began treatment in any follow-up visit, the visits before treatment 

were “untreated” and the visit on or after treatment initiation was “treated”; and 3) for those 

never treated, all visits were “untreated”.

Chi-square Test or Fisher’s Exact test were used to compare categorical variables and 

Student t test or Wilcoxon Rank-Sum Test were used to compare numeric variables. The 

Kaplan-Meier method was used to describe cumulative hazard of CIN2 progression 

following the index visit, stratified by CIN2 treatment. Inverse probability-weighted 

estimation was used to estimate the effectiveness of CIN2 treatment [16], including the 

following covariates: age, race, smoking status, cART use, pregnancy, partner number, 

CD4+ T cell count, and HIV plasma viral load (data not shown). Inverse probability 

weighting did not demonstrate differences between the CIN2 treated and untreated groups, 

thus Cox proportional hazards models, where covariates of interest can be explored rather 

than merely controlled for, were used. Cox proportional hazards models with time dependent 

covariates were used to estimate associations of risk factors with time to CIN2 progression. 

Variables significant in the univariate analysis (p<0.05) were included in the multivariate 

analysis. Participants were followed to either CIN2 progression or censored events (e.g. 

death, loss to follow up, reaching the most recent visit). An alpha level of 0.05 and two-

tailed tests were used to determine significance in all statistical tests. All statistical analyses 

were carried out using SAS 9.3 (SAS Inc., Carey, NC).

A sensitivity analysis was conducted to determine whether diagnoses of “non-specific 

dysplasia” by biopsy could be categorized as progression events. We re-analyzed data with 
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“non-specific dysplasia” as a progression event, using the Kaplan-Meier and Cox 

proportional hazard models. We found cART use was significantly associated with, and 

protective against, the hazard of CIN2 progression in multivariate analysis (aOR 0.20; 95% 

CI 0.05, 0.71), controlling for CIN2 treatment and CD4+ T cell count, however all other 

findings were similar to the main analysis. We thus present the more stringent analysis that 

excludes “non-specific dysplasia” diagnoses as progression events.

RESULTS

Among the 2,559 HIV-positive and 912 HIV-negative women in the WIHS at the time of this 

analysis, 104 (4.1%) HIV-positive and 14 (1.5%) HIV-negative women met our inclusion 

criteria (Figure 1). The 118 women contributed 2,379 visits in total (2,076 HIV-positive and 

303 HIV-negative). Among these women, 53% were Black, 34% were Hispanic, and 53% 

were current smokers at the time of the index visit (Table 1). Women living with HIV were 

significantly older than HIV-negative women (33 vs 28 years, p < 0.001); all other examined 

socio-demographic characteristics and smoking status were similar between HIV-positive 

and HIV-negative women (Table 1).

The likelihood of ever-receiving CIN2 treatment during the follow-up period differed by 

HIV status, but did not reach statistical significance (57.1% HIV-negative vs 40.4% HIV-

positive, p = 0.26). Among women living with HIV, index-visit Pap test results differed 

significantly between those treated vs. untreated for CIN2 (p = 0.02) (Table 2). Seven 

women with a normal Pap test were examined by colposcopy. Although it is not routine 

practice to perform a colposcopy following a normal Pap test, 5 of these 7 women had an 

indication for colposcopy through an LSIL or ASC-US finding within the previous 6 months 

at WIHS. One additional woman was referred to colposcopy as it was routine for first visit in 

the core WIHS, and for one woman the colposcopy was for visible cervical lesions. The 

majority of CIN2-treated HIV-positive women had low-grade squamous intraepithelial 

lesions (LSIL) on Pap test at the index visit (Table 2). However, colposcopy findings, age, 

CD4+ T cell count, plasma HIV RNA level, and cART use at the index visit were similar 

between CIN2 untreated and treated HIV-positive women (Table 2). CIN2-treated and -

untreated HIV-positive women were also followed for similar time periods after the initial 

diagnosis (median 10.0 years vs. 10.1 years).

Overall, 12.7% of women in the study progressed within the median 10-year follow-up. 

CIN2 progression was seen in 11.5% of HIV-positive women and 21.4% of HIV-negative 

women (Table 1). None of the women in the study progressed to cervical cancer during 

follow up. Cervical biopsy results at each 6-month visit are shown in Appendix 1 for the 12 

HIV-positive women who demonstrated cervical disease progression, 8 (66.6%) of whom 

received CIN2 treatment before progression.

Kaplan-Meier analysis was used to explore the time to CIN2 progression in HIV-positive 

women treated vs. untreated for CIN2. There was no significant difference in the number of 

years to CIN2 progression (3.9 vs. 3.0, p = 0.34) (Table 2), but the cumulative hazard of 

CIN2 progression was significantly different between women treated vs. untreated for CIN2 

(23.5% vs. 7.2% p = 0.04) (Figure 2). Cumulative hazards of CIN2 progression in those 
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CIN2-treated vs. –untreated at 2 years was 10.0% vs. 3.4%, by 5 years was 13.2 vs. 7.2%, 

and at 8 years was 23.5% vs 7.2%. However, the Kaplan-Meier analysis does not adjust for 

other cofactors of interest.

There was no effect of CIN2 treatment on cervical disease progression on multivariate 

analysis (Table 3). Similarly, inverse probability weighting confirmed the lack of treatment 

effect on CIN2 progression in HIV-positive women (HR 0.95, p = 0.88).

Cox proportional hazards models were used to investigate factors associated with CIN2 

progression (Table 3). An increase of 100 CD4+ T cells was associated with a 33% decrease 

in CIN2 progression (aHR 0.67; 95% CI 0.47, 0.88), but CIN2 treatment and cART use were 

not significantly associated with CIN2 progression in these models adjusted for CD4 count 

(Table 3).

Overall, CIN2 regression was the most common result during follow-up, occurring among 

73/118 (61.9%) women, with 60.6% of HIV-positive and 71.4% of HIV-negative women 

exhibiting cervical disease regression (Table 1). Thirty HIV-positive and HIV-negative 

women demonstrated stable CIN2 diagnosis, where CIN2 persisted in a follow-up visit.

DISCUSSION

Within the long-term, multi-site observational WIHS cohort, we found low rates of CIN2 

progression over a median 10 year follow-up period in both HIV-positive and HIV-negative 

women, regardless of whether CIN2 treatment was recieved. The strongest predictor of 

CIN2 progression among HIV-positive women in our study related to HIV immunologic 

status, with higher CD4+ T cell counts over time showing a protective effect against CIN2 

progression. Additionally, a sensitivity analysis that included “non-specific dysplasia in 

biopsy” diagnoses as progression events found that the hazard of CIN2 progression 

decreased with sustained cART use. cART use and well-maintained CD4+ T cell counts 

have previously been associated with regression of cervical abnormalities among women 

living with HIV [14,16–18]. Although cigarette smoking has been shown to associate with 

the development of cervical cancer [20], this variable was not included in our multivariate 

model as it did not meet the pre-specified significance level in univariate analysis. We may 

not have identified this important modifiable variable as a risk factor for CIN2 progression 

in our study due to a small sample size.

We identified high rates of CIN2 regression, similar to what is reported in the literature 

among the general population [20,21]. Regression of CIN2+ in women living with HIV has 

been previously reported at 24% over 12 months and 46% over a median of 17 months [16]. 

In our study, 60.6% of HIV-positive women with CIN2 showed disease regression over a 

median 10 years follow-up, with an additional 27.9% demonstrating stable disease. 

However, it should be noted that per the LAST guidelines, the recommended nomenclature 

now uses a two tier system (CIN1 (low grade squamous intra-epithelial lesion (LGSIL)) and 

CIN2+3 (high grade squamous intraepithelial lesion (HGSIL)) that was not in place during 

the majority of data collection for the current study [22].
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Due to the small numbers of HIV-negative women diagnosed at CIN2 in this study, we were 

unable to compare disease progression and regression rates by HIV status. We note that 

women living with HIV had lower rates of CIN2 treatment compared to HIV-negative 

women, although this was a non-significant 17% difference between groups. Given the small 

proportion of HIV-negative women in the current study, further research is needed to ensure 

that engagement, retention, and access to care related to HIV status are not contributing to 

discrepancies in cervical disease treatment in larger populations.

Our study benefits from a strict definition of CIN2, in an attempt to minimize disease 

misclassification given the noted inter-observer variability in the pathology assessment of 

CIN2 or CIN3 [6]. The sensitivity analysis with a broader definition of cervical disease 

progression (inclusion of “non-specific dysplasia” in cervical biopsy as a progression event) 

had results that were similar to the current analysis, except that cART use became 

significantly associated with a reduced risk of CIN2 progression. This reinforces the 

conclusion that progression is a less common event for women receiving antiretroviral 

therapy with well-controlled HIV.

The current study also benefits from a long follow-up period; women were followed for a 

median of 10 years after the initial CIN2 diagnosis. This extended period of follow-up is 

critical in characterizing the natural history of cervical neoplasia, given the relative slow 

progression typically associated with this disease. However, the current analysis is limited 

by the lack of concurrent HPV typing, which is now typically used to guide CIN2/CIN3 

treatment decisions. Additionally, staining for p16INK4a, a biomarker associated with high-

risk HPV oncogenic activity [21] was not feasible as cervical biopsies were not banked. 

Future research should focus on biomarkers to distinguish women at high risk of progression 

versus regression among women classified as HGSIL under the LAST guidelines [22].

A large proportion of women reported no CIN2 treatment in the current study despite the 

recommendations for treatment as standard-of-care. The WIHS does not document reasons 

for lack of treatment, whether they were provider selection bias, insurance and/or financial 

barriers, a woman’s personal choice to defer treatment, or under-reporting of CIN2 treatment 

by study participants. Further, data capture on treatment may have been incomplete, as 

treatment is not offered through WIHS. Thus details are obtained through medical record 

abstraction only. CIN2 treatment was not randomized in this study, thus confounding by 

indication may play a role in the finding of non-association between CIN2 treatment and 

disease progression. Pap test results may have influenced CIN2 treatment decisions for 

women in the analysis, as Pap results differed significantly between those treated or 

untreated.

CONCLUSION

In summary, the decision to use surgical treatment for management of cervical tissue 

abnormalities in HIV-positive women of reproductive age needs to be balanced against 

considerations of future childbearing, as CIN treatment may be associated with adverse 

reproductive outcomes [8–10]. Our findings of substantial regression and limited 

progression of CIN2 among HIV-positive women of reproductive age with viral suppression 
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challenges the current paradigm of immediate cervical resection, however further research is 

warranted to identify the subset of women at risk for progression. Future research should 

incorporate concurrent HPV testing with or without measurement of biomarkers such as 

E6/E7 messenger RNA, p16 staining, or related immune factors to differentiate women at 

highest risk of progression versus those who are unlikely to progress with conservative 

management in the era of effective antiretroviral therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding Sources: WIHS (Principal Investigators): UAB-MS WIHS (Michael Saag, Mirjam-Colette Kempf, and 
Deborah Konkle-Parker), U01-AI-103401; Atlanta WIHS (Ighovwerha Ofotokun and Gina Wingood), U01-
AI-103408; Bronx WIHS (Kathryn Anastos), U01-AI-035004; Brooklyn WIHS (Howard Minkoff and Deborah 
Gustafson), U01-AI-031834; Chicago WIHS (Mardge Cohen and Audrey French), U01-AI-034993; Metropolitan 
Washington WIHS (Seble Kassaye), U01-AI-034994; Miami WIHS (Margaret Fischl and Lisa Metsch), U01-
AI-103397; UNC WIHS (Adaora Adimora), U01-AI-103390; Connie Wofsy Women’s HIV Study, Northern 
California (Ruth Greenblatt, Bradley Aouizerat, and Phyllis Tien), U01-AI-034989; WIHS Data Management and 
Analysis Center (Stephen Gange and Elizabeth Golub), U01-AI-042590; Southern California WIHS (Joel Milam), 
U01-HD-032632 (WIHS I – WIHS IV). The WIHS is funded primarily by the National Institute of Allergy and 
Infectious Diseases (NIAID), with additional co-funding from the Eunice Kennedy Shriver National Institute of 
Child Health and Human Development (NICHD), the National Cancer Institute (NCI), the National Institute on 
Drug Abuse (NIDA), and the National Institute on Mental Health (NIMH). Targeted supplemental funding for 
specific projects is also provided by the National Institute of Dental and Craniofacial Research (NIDCR), the 
National Institute on Alcohol Abuse and Alcoholism (NIAAA), the National Institute on Deafness and other 
Communication Disorders (NIDCD), and the NIH Office of Research on Women’s Health. WIHS data collection is 
also supported by UL1-TR000004 (UCSF CTSA) and UL1-TR000454 (Atlanta CTSA).

Role of the funding source: The NIH did not take part in the study design; in the collection, analysis and 
interpretation of the data; in the writing of the report; or in the decision to submit the paper for publication.

Disclaimer: The contents of this publication are solely the responsibility of the authors and do not represent the 
official views of the National Institutes of Health (NIH).

ABBREVIATIONS AND ACRONYMS

aHR Adjusted hazard ratio

ASC-H Atypical squamous cells, cannot exclude high-grade 

squamous intraepithelial lesion

ASC-US Atypical squamous cells of undetermined significance

cART Combination antiretroviral therapy

CD4 T cells Cluster of differentiation-4 T cells

CIN Cervical intraepithelial neoplasia, graded CIN1, CIN2, 

CIN3

CI Confidence interval

HIV Human immunodeficiency virus
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HPV Human papillomavirus

HR Hazard ratio

HSIL High-grade squamous intraepithelial lesion

IQR Interquartile range

LSIL Low-grade squamous intraepithelial lesion

NIH National Institutes of Health

RNA Ribonucleic acid

SIL Squamous intraepithelial lesion

US United States

WIHS Women’s Interagency HIV Study

REFERENCES

1. Carlander C, Wagner P, Svedhem V, Elfgren K, Westling K, Sönnerborg A, et al. Impact of 
immunosuppression and region of birth on risk of cervical intraepithelial neoplasia among migrants 
living with HIV in Sweden: Risk of cervical intraepithelial neoplasia among migrants living with 
HIV. Int J Cancer. 2016 10 1;139(7):1471–9. [PubMed: 27177207] 

2. Massad LS, Ahdieh L, Benning L, Minkoff H, Greenblatt RM, Watts H, et al. Evolution of cervical 
abnormalities among women with HIV-1: evidence from surveillance cytology in the women’s 
interagency HIV study. J Acquir Immune Defic Syndr. 2001 8 15;27(5):432–42. [PubMed: 
11511819] 

3. McDonald AC, Tergas AI, Kuhn L, Denny L, Wright TC. Distribution of Human Papillomavirus 
Genotypes among HIV-Positive and HIV-Negative Women in Cape Town, South Africa. Front 
Oncol. 2014;4:48. [PubMed: 24672770] 

4. Denny L, Boa R, Williamson A-L, Allan B, Hardie D, Stan R, et al. Human papillomavirus infection 
and cervical disease in human immunodeficiency virus-1-infected women. Obstet Gynecol. 2008 
6;111(6):1380–7. [PubMed: 18515522] 

5. Williamson A-L. The Interaction between Human Immunodeficiency Virus and Human 
Papillomaviruses in Heterosexuals in Africa. J Clin Med. 2015 4 2;4(4):579–92. [PubMed: 
26239348] 

6. Massad LS, Einstein MH, Huh WK, Katki HA, Kinney WK, Schiffman M, et al. 2012 updated 
consensus guidelines for the management of abnormal cervical cancer screening tests and cancer 
precursors. Obstet Gynecol. 2013 4;121(4):829–46. [PubMed: 23635684] 

7. World Health Organization. WHO guidelines for treatment of cervical intraepithelial neoplasia 2–3 
and adenocarcinoma in situ: cryotherapy, large loop excision of the transformation zone, and cold 
knife conization. [Internet]. 2014 [cited 2016 Jul 21]. Available from: http://www.ncbi.nlm.nih.gov/
books/NBK206775/

8. Kyrgiou M, Koliopoulos G, Martin-Hirsch P, Arbyn M, Prendiville W, Paraskevaidis E. Obstetric 
outcomes after conservative treatment for intraepithelial or early invasive cervical lesions: 
systematic review and meta-analysis. Lancet. 2006 2 11;367(9509):489–98. [PubMed: 16473126] 

9. Danhof NA, Kamphuis EI, Limpens J, Lonkhuijzen LRCW van, Pajkrt E, BWJ Mol. The risk of 
preterm birth of treated versus untreated cervical intraepithelial neoplasia (CIN): a systematic 
review and meta-analysis. Eur J Obstet Gynecol Reprod Biol. 2015 5;188:24–33. [PubMed: 
25770844] 

Colie et al. Page 9

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2019 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/books/NBK206775/
http://www.ncbi.nlm.nih.gov/books/NBK206775/


10. Kyrgiou M, Valasoulis G, Stasinou S-M, Founta C, Athanasiou A, Bennett P, et al. Proportion of 
cervical excision for cervical intraepithelial neoplasia as a predictor of pregnancy outcomes. Int J 
Gynecol Obstet. 2015 2;128(2):141–7.

11. Centers for Disease Control and Prevention. HIV among pregnant women, infants, and children 
[Internet]. 2016 [cited 2016 Jul 25]. Available from: http://www.cdc.gov/hiv/pdf/group/gender/
pregnantwomen/cdc-hiv-pregnant-women.pdf

12. Bacon MC, von Wyl V, Alden C, Sharp G, Robison E, Hessol N, et al. The Women’s Interagency 
HIV Study: an Observational Cohort Brings Clinical Sciences to the Bench. Clin Vaccine 
Immunol. 2005 9 1;12(9):1013–9.

13. Barkan SE, Melnick SL, Preston-Martin S, Weber K, Kalish LA, Miotti P, et al. The Women’s 
Interagency HIV Study. WIHS Collaborative Study Group. Epidemiol Camb Mass. 1998 3;9(2):
117–25.

14. Adler DH, Kakinami L, Modisenyane T, Tshabangu N, Mohapi L, De Bruyn G, et al. Increased 
regression and decreased incidence of human papillomavirus-related cervical lesions among HIV-
infected women on HAART: AIDS. 2012 8;26(13):1645–52. [PubMed: 22555167] 

15. Sellors JW, Sankaranarayanan R, International Agency for Research on Cancer Colposcopy and 
treatment of cervical intraepithelial neoplasia: a beginner’s manual. Lyon, France: International 
Agency for Research on Cancer; 2003.

16. Curtis LH, Hammill BG, Eisenstein EL, Kramer JM, Anstrom KJ. Using inverse probability-
weighted estimators in comparative effectiveness analyses with observational databases. Med 
Care. 2007 10;45(10 Supl 2):S103–107. [PubMed: 17909367] 

17. Heard I, Tassie J-M, Kazatchkine MD, Orth G. Highly active antiretroviral therapy enhances 
regression of cervical intraepithelial neoplasia in HIV-seropositive women. AIDS. 2002;16(13):
1799–1802. [PubMed: 12218392] 

18. Minkoff H, Zhong Y, Burk RD, Palefsky JM, Xue X, Watts DH, et al. Influence of Adherent and 
Effective Antiretroviral Therapy Use on Human Papillomavirus Infection and Squamous 
Intraepithelial Lesions in Human Immunodeficiency Virus–Positive Women. J Infect Dis. 2010 
3;201(5):681–90. [PubMed: 20105077] 

19. Ahdieh-Grant L, Li R, Levine AM, Massad LS, Strickler HD, Minkoff H, et al. Highly Active 
Antiretroviral Therapy and Cervical Squamous Intraepithelial Lesions in Human 
Immunodeficiency Virus-Positive Women. JNCI J Natl Cancer Inst. 2004 7 21;96(14):1070–6. 
[PubMed: 15265968] 

20. Sood AK. Cigarette Smoking and Cervical Cancer: Meta-Analysis and Critical Review of Recent 
Studies. Am J Prev Med. 1991 7 1;7(4):208–13. [PubMed: 1836735] 

21. Ostör AG. Natural history of cervical intraepithelial neoplasia: a critical review. Int J Gynecol 
Pathol. 1993 4;12(2):186–92. [PubMed: 8463044] 

22. Tainio K, Athanasiou A, Tikkinen KAO, Aaltonen R, Cárdenas J, Hernándes, et al. Clinical course 
of untreated cervical intraepithelial neoplasia grade 2 under active surveillance: systematic review 
and meta-analysis. The BMJ [Internet]. 2018 2 27 [cited 2018 Jul 27];360. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5826010/

23. Darragh TM, Colgan TJ, Cox JT, Heller DS, Henry MR, Luff RD, 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. 2012;136(10):1266–1297. 
[PubMed: 22742517] 

24. Savone D, Carrone A, Riganelli L, Merlino L, Mancino P, Benedetti Panici P. Management of 
HPV-related cervical disease: role of p16INK4a immunochemistry. Review of the literature. 
Tumori. 2016 10 13;102(5):450–8. [PubMed: 27443891] 

Colie et al. Page 10

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2019 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/hiv/pdf/group/gender/pregnantwomen/cdc-hiv-pregnant-women.pdf
http://www.cdc.gov/hiv/pdf/group/gender/pregnantwomen/cdc-hiv-pregnant-women.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5826010/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5826010/


Figure 1: 
Flowchart of study population determination from the WIHS. Cervical intraepithelial 431 

neoplasia-2 (CIN2) regression defined as a lower grade lesion than CIN2 on all subsequent 

432 biopsies or negative Pap tests across all follow-up visits; CIN2 progression defined as 

any 433 cervical disease greater than CIN2 by histology at least six months after the index 

visit. Stable 434 disease was defined as having CIN2 persist in any follow up visits after the 

index visit. WIHS = 435 Women’s Interagency HIV Study.
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Figure 2: 
Cumulative hazard of CIN2 progression for HIV-positive women, stratified by CIN2 438 

treatment. CIN2 progression defined as any cervical disease greater than CIN2 by histology 

at 439 least six months after the index visit. CIN2 = Cervical intraepithelial neoplasia-2.
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Table 1:

Characteristics of WIHS Women of Reproductive Age with a CIN2 Diagnosis, Stratified by HIV Status.

Variable, No. (%) Total (n=118) HIV+ (n=104) HIV- (n=14) p-valuea

Follow-up status

0.18
 Progression 15 (12.7) 12 (11.5) 3 (21.4)

 Regression 73 (61.9) 63 (60.6) 10 (71.4)

 Stable 30 (25.4) 29 (27.9) 1 (7.1)

CIN2 Treated, ever 50 (42.4) 42 (40.4) 8 (57.1) 0.26

Race

0.67

 White 9 (7.6) 9 (8.7) 0 (0)

 Black 63 (53.4) 54 (51.9) 9 (64.3)

 Hispanic 40 (33.9) 36 (34.6) 4 (28.6)

 Others b 6 (5.1) 5 (4.8) 1 (7.1)

Smoking status c

0.58
 Never smoker 38 (32.2) 32 (30.8) 6 (42.9)

 Current smoker 63 (53.4) 57 (54.8) 6 (42.9)

 Former smoker 17 (14.4) 15 (14.4) 2 (14.3)

Currently pregnant c 2 (1.7) 2 (1.9) 0 (0) 1.0

Current male partner(s) c

0.42

 0 17 (14.4) 15 (14.4) 2 (14.3)

 1 84 (71.2) 74 (71.2) 10 (71.4)

 2 15 (12.7) 14 (13.5) 1 (7.1)

 3 2 (1.7) 1 (0.9) 1 (7.1)

Current female partner(s) c

1.0 0 115 (97.5) 101 (97.1) 14 (100)

 1 3 (2.5) 3 (2.9) 0 (0)

Age, median (IQR) c 32.3 (26.8, 38.2) 33.5 (28.1, 38.4) 26.3 (23.3, 31.1) <0.001

Abbreviation: WIHS, Women’s Interagency HIV Study; CIN2, cervical intraepithelial neoplasia; HIV, human immunodeficiency virus; SD, 
standard deviation

a
Chi-Square or Fisher’s Exact test was used for categorical data; Wilcoxon Rank-Sum Test was used for numerical data.

b
Includes Asian/Pacific Islander, Native American/Alaskan Native and Other

c
These variable reported for the index visit--the first visit in which CIN2 was diagnosed.
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Table 2:

Medical Characteristics of the WIHS HIV-Positive Women at CIN2 Initial Diagnosis, by CIN2 Treatment 

Status.

Variable, No. (%) Total (n=104) CIN2 Treated (n=42) CIN2 Untreated (n=62) p-valuea

Follow-up status

0.01
 Progression 12 (11.5) 8 (19.1) 4 (6.5)

 Regression 63 (60.6) 18 (42.9) 45 (72.6)

 Stable 29 (27.9) 16 (38.1) 13 (20.9)

Cervical exam adequacy:

0.10 Satisfactory 91 (87.5) 34 (80.9) 57 (91.9)

 ES 13 (12.5) 8 (19.1) 5 (8.1)

% Abnormal cells at colposcopy:

0.57

 0 0 (0) 0 (0) 0 (0)

 <25 47 (45.2) 20 (47.6) 27 (43.6)

 25 - <50 32 (30.8) 14 (33.3) 18 (29.0)

 50 - <75 8 (7.7) 4 (9.5) 4 (6.5)

 >75 3 (2.9) 0 (0) 3 (4.8)

 Missing 14 (13.5) 4 (9.5) 10 (16.1)

Impression of cervix:

0.71

 Normal 3 (2.9) 1 (2.4) 2 (3.2)

 Abnormal, but no SIL 15 (14.4) 4 (9.5) 11 (17.4)

 Low grade 73 (70.2) 31 (73.8) 42 (67.7)

 High grade 13 (12.5) 6 (14.3) 7 (11.3)

 Invasive 0 (0) 0 (0) 0 (0)

CIN2 treatment at index visit 28 (26.9) 28 (66.7) 0 (0) b

cART use in index visit 27 (25.9) 11 (26.2) 16 (25.8) 0.97

Pap test results in index visit:

0.02

 Normal 7 (6.7) 0 (0) 7 (11.3)

 ASC-US 34 (32.7) 11 (26.2) 23 (37.1)

 ASC-H 0 (0) 0 (0) 0 (0)

 LSIL 58 (55.8) 29 (69.1) 29 (46.8)

 HSIL 3 (2.9) 2 (4.8) 1 (1.6)

 Missing 2 (1.9) 0 (0) 2 (3.2)

Total Follow-up years, median (IQR) 10.1 (5.2, 16.1) 10.0 (3.3, 16.6) 10.1 (5.7, 15.2) 0.83

Years to progression, median (IQR) 2.7 (1.0, 5.1) 2.9 (1.0, 5.8) 2.7 (1.7, 3.2) 0.41

Age in index visit, mean (SD) 33.1 ± 6.4 33.8 ± 5.9 32.7 ± 6.7 0.41

CD4 T cells in index visit, mean (SD) 348.8 ± 232.6 332 ± 238.7 359.7 ± 230 0.56

Log10 Viral load in index visit, mean (SD) 3.9 ± 1.3 4.0 ± 1.2 3.8 ± 1.4 0.45

Abbreviations: WIHS, Women’s Interagency HIV Study; HIV, human immunodeficiency virus; CIN2, cervical intraepithelial neoplasia-2; ES, 
endocervival speculum used to visualize squamocolumnar junction; SIL, squamous intraepithelial lesion; ASC-US, atypical squamous cells of 
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undetermined significance; ASC-H, Atypical squamous cells, cannot exclude HSIL; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-
grade intraepithelial lesion; IQR, interquartile range; SD, standard deviation

a
Chi-Square or Fisher’s Exact test was used for categorical data; two-Sample t-test or Wilcoxon Rank-Sum Test was used for numerical data.

b
p-value cannot be determined as all same-visit treatment events occurred within the CIN2 treated category
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Table 3:

Hazard Ratios of CIN2 Progression in HIV-Positive Women of Reproductive Age in the WIHS (n=104).

Variable Univariate HR (CI) Multivariate HR (CI)c

CIN2 treatment ever 3.28 (1.03 – 12.30) 1.82 (0.54 – 7.11)

Age at CIN2 diagnosis 1.01 (0.99 – 1.20)

Race

 White Reference

 Black 0.70 (0.18 – 4.65)

 Hispanic 0.87 (0.13 – 17.08)

 Others a 0.99 (0.17 – 18.78)

cART use in visit b 0.24 (0.07 – 0.77) 0.47 (0.14 – 1.68)

CD4 T cell count/100 in visit b 0.64 (0.45 – 0.83) 0.67 (0.47 – 0.88)

Log10 viral load in visit b 1.36 (0.95 – 1.92)

Total partner number in visit b 1.07 (0.34 – 3.65)

Smoking status b

 Never smoker Reference

 Current smoker 3.11 (0.98 – 11.71)

 Former smoker 1.17 (0.26 – 3.91)

% Abnormal cells at colposcopy:

 <25 Reference

 25 – 49 1.6 (0.45 – 5.77)

 50 – 74 0.00 (0.00 – 3.94)

 >75 0.00 (0.00 – 8.09)

Overall impression of cervix:

 Normal 0.00 (0.00 – 19.71)

 Abnormal, but no SIL 1.15 (0.11 – 24.90)

 Low grade 1.18 (0.22 – 21.74)

 High grade Reference

Abbreviations: CIN2, cervical intraepithelial neoplasia-2; HIV, human immunodeficiency virus; WIHS, Women’s Interagency HIV Study; HR, 
hazard ratio; CI, confidence interval; cART, combination antiretroviral therapy; SIL, squamous intraepithelial lesion

a
Includes Asian/Pacific Islander, Native American/Alaskan Native and Other

b
These variables considered time-dependent in analysis

c
Multivariate analysis includes 3 variables: CIN2 treatment, cART use, and CD4 T cell count
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