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Abstract

In order to estimate the incidence of invasive cervical cancer (ICC) across up to 21 years of 

follow-up among women with human immunodeficiency virus (HIV) and to compare it to that 

among HIV-uninfected women, we reviewed ICC diagnoses from a 20-year multi-site U.S. cohort 

study of HIV infected and uninfected women who had Pap testing every six months. Incidence 

rates were calculated and compared to those in HIV-negative women. Incidence ratios 

standardized to age-, sex-, race-, and calendar-year specific population rates were calculated. After 

a median follow-up of 12.3 years, four ICCs were confirmed in HIV seropositive women, only one 

in the last 10 years of observation, and none in seronegative women. The ICC incidence rate did 

not differ significantly by HIV status (HIV seronegative: 0/100,000 person-years vs. HIV 

seropositive: 19.5/100,000 person-years; p=0.53). The standardized incidence ratio for the HIV-

infected WIHS participants was 3.31 (95% CI: 0.90, 8.47; p=0.07). Although marginally more 

common in women without HIV, for those with HIV in a prevention program, ICC does not 

emerge as a major threat as women age.
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Introduction

Infection with the human immunodeficiency virus-1 (HIV) increases risk for human 

papillomavirus (HPV) infection, abnormal Pap tests, cervical intraepithelial neoplasia (CIN), 

and recurrence of CIN after treatment (1–5). Rates of invasive cervical cancer (ICC) among 

women with HIV also appear to be higher than those among HIV-negative women (6–8). In 

the U.S. HIV Epidemiology Research Study, HIV-infected women had a risk for ICC that 

was eight-fold higher than U.S. age and race adjusted incidence (9). Though the increase is 

less dramatic than that seen for other cancers that define the acquired immune deficiency 

syndrome (AIDS) or anal cancer in men, elevated risk persists late after AIDS onset (10).

Longer life expectancy due to effective combination antiretroviral therapy (cART) may 

allow persistent HPV infections to progress to cancer, although Pap screening and precursor 

treatment may block this. Introduction of cART has led to reductions in other AIDS-defining 

illnesses, but this may not be true for ICC (11). In Italy, ICC incidence rose early in the 

cART era (12). Decreasing competing mortality from other AIDS-defining diseases among 

HIV infected women may lead to an increase in cervical cancer incidence.

We have shown that cervical cancer incidence in a heavily screened U.S. study cohort study 

remains low during the first decade of observation (13), but risk over longer periods is 

unknown. Studies showing increased cervical cancer risk have some limitations: case 

verification in these studies may have been limited, as most studies were registry based and 

did not confirm cases through central slide review. Also, some studies did not distinguish 

prevalent cases detected after HIV diagnosis and entry into care from incident cases. 

Unfortunately, some registry cases actually represent CIN or abnormal cytology miscoded as 

ICC and so may lead to overestimates of ICC incidence (14).

To address limitations to prior studies that provide contradictory data on the long term risk 

of ICC among women with HIV, we set out to reassess our findings in an expanded study 

with follow-up extending up to 20 years.

Methods

This investigation was part of the Women’s Interagency HIV Study (WIHS), a multicenter 

prospective cohort study of the health U.S. women with and at risk for HIV infection (15, 

16). WIHS enrollment began with six study consortia enrolling 2,623 women in 1994-5. 

Written informed consent was obtained from all participants, with approval from local 

human subjects committees. Follow-up continues, but this analysis includes only follow-up 

information obtained before October 1, 2015.

Every six months, demographic, behavioral, and health information was updated, including 

diagnoses of ICC made since the prior visit, as well as a physical examination and 
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conventional Pap smear. HIV status was established by Western blot. Pap tests were 

interpreted centrally according to the 1991 Bethesda system for classification of 

cervicovaginal cytology (17). Study protocol required referral for colposcopy for squamous 

abnormalities of any grade, including atypia, though decisions about biopsy and diagnostic 

or therapeutic excision were individualized.

Regional cancer registries were computer matched for all participants and records were 

reviewed to obtain case histories; women whose histories refuted a cancer diagnosis were 

considered not to have ICC. Women also were considered not to have ICC when primary 

source reports listed a diagnosis other than ICC or when central slide review failed to 

confirm ICC. Slides could not be retrieved for one woman after a fire destroyed records and 

for one woman treated for ICC outside her study site; as a conservative measure, incidence 

was calculated including both as cases of ICC.

We excluded 222 women who reported having had a hysterectomy prior to enrollment, 7 

with cervical cancer prior to study entry, and 99 with no follow-up. Thus, the study cohort 

consisted of 2,295 women.

ICC incidence rates were computed as the number of observed incident ICC over the total 

person-years of observed follow-up, expressed per 100,000 person-years. The follow-up 

time available for any woman was the number of years from the enrollment visit until 

diagnosis of ICC, death from causes other than ICC, loss to follow-up, incident 

hysterectomy, or the censoring date of September 30, 2015, whichever occurred first. The 

observed ICC incidence rates for HIV seropositive and seronegative women were estimated 

assuming the Poisson distribution and compared statistically using exact Poisson regression.

Comparison to the U.S. population was undertaken by determining the number of ICCs 

expected based on age, sex, race, and calendar year specific rates for women between 

1994-2013, which were obtained from the 1973-2013 Surveillance Epidemiology and End 

Results database (SEER) (18), and then computing standardized incidence ratios (SIRs, 19) 

and exact 95% confidence intervals (CIs, 20). SEER data from 2013 were used to determine 

the expected number of ICCs in WIHS for 2013-2015. All analyses were performed using 

SAS 9.4 (SAS Institute, Cary, NC) or LogXact 10.0 (Cytel Corporation, Cambridge, MA). 

All statistical tests were two-sided, and statistical significance was inferred from p-values 

less than 0.05.

Results

For the 2295 women studied, mean follow-up time was 11.8 years (median 12.3 years, 

interquartile range [IQR] 4.4-20.1 years). Median follow-up among among HIV 

seronegative women was 17.4 years (IQR 6.9-20.5 years) and among women with HIV was 

10.6 years (IQR 3.9-19.0 years), somewhat truncated by early mortality prior to introduction 

of cART. The longest observation time was 21.4 years, and 25.5% of included women were 

followed for at least 20 years.
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Characteristics of the 1807 HIV seropositive and 488 HIV seronegative women in the study 

cohort are shown in Table 1. Median age at enrollment was 35.9 years for seropositive and 

34.2 years for seronegative women.

No cases of ICC were observed among 488 HIV seronegative women during 6,615 person-

years of observation.

Four cases of ICC were observed and confirmed among 1807 women with HIV women 

during 20,561 person-years of observation, an incidence rate of 19.5 cases/100,000 person-

years (P = 0.53 compared to HIV seronegative women. Three have been previously reported 

(12, 13).

One additional case was identified since our last report. This woman had multifocal cervical, 

vulvar, and vaginal intraepithelial neoplasia was treated with multiple modalities prior to 

diagnosis of a Stage IA2 squamous cell carcinoma at 40 years of age. She was treated with 

radical hysterectomy; pathologic assessment showed only residual carcinoma in situ. She 

required additional therapies for preinvasive disease and was diagnosed with recurrence vs. a 

new invasive squamous carcinoma of the vagina in 2011. This was managed with 

chemoradiotherapy, and the patient remained in remission at last follow-up in May 2016.

Table 2 shows ICC incidence by HIV serostatus, age, and race/ethnicity. The overall ICC 

incidence rate was 14.7/100,000 person-years (95% C.I. 4.0, 37.7). We did not identify 

significant differences in ICC incidence in subgroups, including by HIV serostatus (not 

shown).

Based on SEER data, we expected a total of 1.21 ICCs among women with HIV 0.37 among 

HIV seronegative women. The corresponding SIRs 2343 3.31 (95% C.I. 0.90, 8.47, p = 

0.07) among women with HIV and 0.0 (95% C.I. 0.0, 10.10, p = 1.0) among HIV 

seronegative women. The SIR for the entire WIHS cohort was 2.54 (95% CI: 0.69, 6.50; 

p=0.15).

Discussion

Most women with HIV will be diagnosed with HPV, and almost 15% will develop high 

grade CIN (1–4), but when enrolled in an organized program of Pap testing and treatment of 

precursors, ICC risk in women living with long-term HIV infections remains low. In fact, 

risk is so low that despite more than 20,000 person-years of observation during follow-up 

extending often over two decades, ICC incidence among HIV seropositive women in WIHS 

remained statistically indistinguishable from both HIV seronegative comparison women in 

our study. Compared to the U.S. population generally, as measured by adjusted SEER 

incidence, ICC risk was three-fold greater but did not reach statistical signficance. 

Competing risks in our cohort are much greater, including other AIDS-related causes of 

death, liver and cardiovascular disease, non-AIDS related cancers, and accident, suicide, and 

homicide (21). While vigilance is needed and multiple procedures including hysterectomy 

may be required, ICC is a preventable complication of HIV infection. Women who do 

develop cancer often have missed opportunities for screening and precursor treatment, as we 

and others have previously reported (13, 22), or repeated episodes of slowly progressive 
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cervical disease, as in the case reported here. Vigilance and repeated therapy may be 

required to reduce ICC rates among women with HIV.

Despite the lack of statistical significance, we believe that the roughly three-fold increased 

risk of ICC associated with HIV infection observed in our cohort is real, given consistent 

increased incidence rates found in other studies. The increased risk of ICC that we observed 

in HIV seropositive WIHS women is lower than that reported in other recent North 

American studies (8, 23). This is likely due to several factors. All WIHS participants had 

Pap testing performed at six month intervals, with protocol-defined referral for colposcopy 

for any cytologic abnormality and with organized mechanisms in place to maximize 

compliance with referral for treatment. Women outside supportive cancer prevention systems 

may face a higher ICC risk. The WIHS has identified substantial increased risks for other 

cancers, including non-Hodgkin’s lymphoma, Kaposi’s sarcoma, and cancers of the anus 

and oral cavity/pharynx, further support for the concept that low ICC rates in WIHS result 

from screening and treatment of precursors that has aborted a higher risk for ICC, rather 

than representing inadequate case ascertainment.

Other factors may have contributed to our lower observed ICC risk compared to prior 

studies. A French cohort study of persons with HIV showed that cervical cancer risk 

declined over more than 15 years of observation (24), and antiretroviral therapy reduces 

HPV expression and abnormal cervical cytology (25), and since most of our observation 

period was during the cART era, treatment might have reduced ICC risk compared to that 

existing prior to cART introduction. Registry-based studies do not include report and slide 

review for case confirmation; in previous analyses of the incidence of ICC in WIHS we 

found that several reported ICC cases were actually intraepithelial lesions or abnormal Pap 

tests, not cancers (13, 14). We excluded ICC cases identified within six months of 

enrollment as prevalent lesions in order to better estimate cancer incidence. Finally, cART 

appears to reduce cervical disease, and careful monitoring of cART use in our observed 

cohort may have impacted cervical disease progression (26). A recent Danish cohort study 

found that women with HIV who were adherent to the national organized cervical cancer 

screening program did not face an elevated risk of ICC compared to seronegative controls 

(22), supporting our results.

While broadly reassuring, our results underscore the importance of regular screening and 

assiduous treatment of ICC precursors in women with HIV. Cytologic abnormalities and 

precancer are common (2–4), compliance with colposcopy is suboptimal and WIHS has 

developed formal procedures for recall (27), significant knowledge gaps relevant to cervical 

cancer patients are refractory to simple educational interventions (28), and treatment often 

fails to eradicate HPV-related disease (29). To achieve similar results outside study settings, 

clinicians caring for women living with HIV must apply current cervical screening protocols 

diligently and establish clinical pathways to colposcopy, therapeutic excision, and post-

treatment surveillance, while educating women about the hope that these interventions will 

reduce ICC risk.
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Novelty/impact

Although women infected with HIV face higher risks for carcinogenic human 

papillomavirus infection and precancer, our results show that HIV infection only 

minimally raises invasive cervical cancer risk when women are enrolled in care that 

includes intensive screening and protocol-based referral to treatment. Longer survival 

resulting from introduction of antiretroviral therapy has not enabled emergence of 

cervical cancer as a major cause of morbidity and mortality in HIV infected women in a 

prevention program.
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Table 1

Baseline characteristics of women at risk for invasive cervical cancer in the Women’s Interagency HIV Study 

(N = 2,504)

HIV Positive HIV Negative

Characteristic N % N %

All 1807 100.0 488 100.0

Age (years) p<0.001

 <30 382 21.1 158 32.4

 30–39 919 50.9 209 42.8

 40–49 450 24.9 107 21.9

 50+ 56 3.1 14 2.9

 Median (interquartile range) 35.9 (30.8, 40.6) 34.2 (27.6, 40.0)

Race/ethnicity p=0.08

 Non-Hispanic African-American 975 54.0 257 52.7

 Non-Hispanic Caucasian 341 18.9 74 15.2

 Hispanic 139 24.5 139 28.5

 Other 18 2.7 18 3.7

Follow-up time (years)

 Median (interquartile range) 10.6 (3.9, 19.0) 17.4 (6.9, 20.5)
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Table 2

Incidence of invasive cervical cancer (ICC) by selected characteristics.

Characteristic Number ICCs Person-Years
Incidence Rate per 100,000 PYs1 (exact 95% 

CI) Exact p-value

All 4 27175 14.7 (4.0, 37.7)

HIV status 0.58

 Negative 0 6615 0.0 (0.0, 57.8)

 Positive 4 20561 19.5 (5.3, 49.8)

Age (years) 0.56

 <30 0 1855 0.0 (0.0, 198.9)

 30–39 1 8174 12.2 (0.3, 68.2)

 40–49 3 10781 27.8 (5.7, 81.3)

 50+ 0 6365 0.0 (0.0, 58.0)

Race/ethnicity 1.0

 Non-Hispanic African-American 2 14647 13.7 (1.7, 49.3)

 Non-Hispanic Caucasian 1 4888 20.5 (0.5, 114.0)

 Hispanic 1 6788 14.7 (0.4, 82.1)

 Other 0 852 0.0 (0.0, 433.0)

1
Person-years
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