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Abstract

Purpose: CD4/CD8 ratio <0.5 is associated with increased risk of advanced anal disease(AAD), 

but it is unknown if duration below 0.5 matters. The purpose of this study is to determine if 

duration CD4/CD8 ratio <0.5 is associated with increased risk of invasive anal cancer(IC) in 

people living with HIV and high-grade dysplasia(HSIL).

Methods: This single institution, retrospective study uses the University of Wisconsin Hospital 

and Clinics Anal Dysplasia and Anal Cancer Database. Patients with IC vs HSIL alone 

were compared. Independent variables were mean and percent time CD4/CD8 ratio was <0.5. 

Multivariate logistic regression was performed to estimate adjusted odds of anal cancer.

Results: We identified 107 patients with HIV infection and AAD(87 HSIL, 20 IC). History 

of smoking was significantly associated with development of IC(95% in IC vs 64% in 

HSIL;p=0.015). Mean time with CD4/CD8 < 0.5 was significantly longer in patients with IC 

compared to patients with HSIL(7.7 years vs 3.8 years respectively;p=0.002). Similarly, mean 

percent time CD4/CD8 ratio was <0.5 was higher in those with IC versus those with HSIL(80% vs 

55% respectively;p=0.009). On multivariate analysis, duration CD4/CD8 was <0.5 was associated 

with increased odds of developing IC (OR: 1.25; 95% CI:1.02-1.53;p=0.034).
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Conclusions: In this retrospective, single institution study of a cohort of people living with HIV 

and HSIL, increasing duration that CD4/CD8 ratio was <0.5 was associated with increased odds 

of developing IC. Monitoring the number of years CD4/CD8 ratio is <0.5 could inform decision 

making in patients with HIV infection and HSIL.
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Introduction:

Human Papilloma Virus (HPV)-associated cancers have a higher prevalence in people living 

with Human Immunodeficiency Virus (PLWH) than in the general population.1 PLWH have 

40-80 fold increased risk of developing anal cancer compared to people without Human 

Immunodeficiency Virus (HIV) infection.1-4 Anal dysplasia (anal cancer precursor lesions) 

are often first identified in PLWH using screening anal Papanicolaou smears (Pap tests).5-7 

Positive Pap test results are common and lead to anoscopy which also often requires 

biopsies, and/or excision and fulguration of lesions.8 Intervals for additional surveillance/

follow-up exams are not well established and recurrences are common. Risk stratification of 

patients is needed to help determine those at highest risk and how frequently they should be 

monitored and treated.

High-grade dysplasia (HSIL) is considered a premalignant condition of invasive cancer (IC), 

and optimal management of HSIL can prevent progression to IC.8,9 The multi-institutional 

Anal Cancer/HSIL Outcomes Research (ANCHOR) study recently demonstrated that 

patients with HIV infection and HSIL treated with excision/fulguration or topical treatments 

had a 57% reduction in anal cancer incidence compared with those who received active 

monitoring alone.9 Despite treatment, some patients still progressed from HSIL to IC. While 

both rates of HSIL and IC are rising, rates of progression in the literature vary widely 

from 0.4% to 10% per year and are unpredictable.8,10 Immunologic laboratory values are a 

promising objective measure to aid in risk stratification of these patients. One such objective 

measure is the CD4/CD8 ratio.

CD4/CD8 values are routinely collected in PLWH to measure response to combination 

antiretroviral therapy (cART). CD4/CD8 ratios below 1 have been shown to be associated 

with immuosenescence, all-cause mortality, several non-AIDS defining events (NAE) and 

other malignancies such as lung cancer, cervical cancer, Kaposi sarcoma and non-Hodgkin’s 

lymphoma.11-15 The longer that a patient takes to recover their CD4/CD8 ratio, the higher 

their risk for development of NAE.14,16 In our previous work, we demonstrated a nadir 

CD4/CD8 ratio below 0.5 was a risk factor for development of high-grade anal dysplasia or 

invasive anal cancer in PLWH.17,18 This is a promising non-invasive method for tailoring 

anal cancer screening and surveillance protocols for PLWH.17,18 It remains unknown if 

duration of time CD4/CD8 ratio is low has an effect on development of anal cancer. In 

this study, we hypothesized that persistent CD4/CD8 ratio below 0.5 was associated with 

increased risk of development of IC in PLWH and HSIL.
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Materials and Methods:

Patient population:

We performed a single center, retrospective study at the University of Wisconsin Hospital 

and Clinics. University of Wisconsin Institutional Review Board approval was obtained for 

this study (No. 2018-0557). We queried the University of Wisconsin Anal Dysplasia and 

Anal Cancer Database to identify all patients with a diagnosis of HIV and advanced anal 

disease (AAD), defined as history of HSIL (anal intraepithelial neoplasm (AIN) II or III) 

and/or IC from 2001 – 2019. Chart review was performed of pathology records, operative 

reports, and laboratory tests to confirm diagnosis and treatment. Patients with only a single 

immunologic panel of labs and those without at least two pathology results were excluded.

Variables:

The baseline patient characteristics collected included age, biological sex, race, history 

of smoking, non-HPV sexually transmitted infections (STIs), history of anal receptive 

intercourse, history of cardiovascular disease, and diabetes. We defined advanced anal 

disease as those with high-grade dysplasia or invasive cancer on at least one pathologic 

result. CD4/CD8 ratios were calculated from all resultant immunologic panels that were 

collected approximately every 6 months per standard institutional practice. We also 

calculated the time between the first resulted CD4/CD8 value to CD4/CD8 value nearest 

to diagnosis of AAD to determine total time under HIV care before AAD.

Treatment of patients:

We included all patients diagnosed with AAD whether diagnosed via screening or 

symptomatic disease. It is standard practice at our institution to treat all high-grade lesions 

with excision/ablation, with follow-up high resolution anoscopy (HRA) every 3-6 months. 

When no further high-grade disease detected on follow-up HRA, follow-up intervals are 

extended to 1 year.19 Chart review was performed to confirm that all patients in this study 

with HSIL were examined and any lesions noted were treated with excision/ablation.

Statistical Analysis:

Demographic and clinical characteristics, mean time CD4/CD8 ratio was below 0.5, and 

percent time CD4/CD8 ratio was below 0.5 were compared between patients with IC and 

HSIL alone. We also performed a subset analysis in which those who had IC as their first 

diagnosis were excluded to compare patients with HSIL who went on to develop IC versus 

those with HSIL and no diagnosis of IC. Pearson χ2 test was used for categorical variables, 

and Student’s t-test was used for continuous variables. Percent time CD4/CD8 ratio was 

below 0.5 and total time under HIV care before AAD were evaluated in a multivariate 

logistic regression model controlling for statistically significant patient characteristics. Time 

of CD4/CD8 below 0.5 was highly correlated total time under HIV care before AAD, so 

this was not used in the multivariate analysis. Adjusted ORs with 95% CIs were calculated. 

Finally, a time to event analysis was used to compare HSIL and IC. Statistical analysis 

was done using log rank test. Level of significance was determined at p=0.05. R or SAS 

statistical software was used for all analyses.
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Results:

Invasive Cancer (IC) versus High-grade dysplasia (HSIL) alone:

A total of 107 patients met inclusion criteria, 20 with IC and 87 with HSIL only. Median 

follow-up time for the entire cohort was 11.6 years (IQR 7.5 - 16.5 years). There was 

no statistical difference in time under HIV care before AAD diagnosis for those with IC 

compared to those with HSIL alone (9.5 ± 7.0 years for IC and 7.1 ± 5.7 years for HSIL 

alone, p = 0.11). Using a time to event analysis, mean time to development of IC was 

longer compared to HSIL alone (10.9 ± 1.5 years for IC and 6.7 ± 0.6 years for HSIL, p 

= 0.013) (Figure 1). Ninety percent of patients in both groups were male. The two cohorts 

were similar with respect to race (p = 0.528). Patients with IC were older (59.3 ± 9.4 years 

for IC vs 52.4 ± 11.84 years for HSIL alone; p = 0.016). History of smoking was more 

common in those who developed IC (95% in IC vs 64% in HSIL alone; p = 0.015). On 

univariate analysis history of prior STIs was less common in those with IC (30% IC versus 

58.6% HSIL alone; p = 0.039). History of cardiovascular disease (55% IC versus 18% HSIL 

alone; p=0.002), and history of diabetes mellitus (35% IC versus 2% HSIL alone; p<0.001) 

were associated with IC. Mean time with CD4/CD8 ratio below 0.5 was significantly longer 

in patients with IC compared with patients with HSIL alone (7.7 ± 5.9 years vs 3.8 ± 4.5 

years respectively; p=0.002). Similarly, average percent of time of CD4/CD8 ratio below 

0.5 was higher in those with IC versus those with HSIL alone (80% ± 30% vs 55% ± 40% 

respectively; p = 0.009) (Table 1).

IC developed from HSIL (IC-HSIL) versus HSIL alone:

Of the 20 patients with IC, 11 had no previous diagnosis of HSIL while 9 developed IC after 

previous HSIL diagnosis (IC-HSIL). All patients who developed IC-HSIL were previously 

treated with excision/fulguration. When comparing those patients with HSIL alone to those 

who developed IC-HSIL there was no statistical difference in follow-up time from first 

HIV diagnosis to first AAD diagnosis (8.3 ± 6.1 years for IC-HSIL and 7.1 ± 5.7 years 

for HSIL alone), p = 0.55 (Table 2). The two cohorts were similar with respect to sex, 

race, history of smoking, history of STIs and history of anal receptive intercourse (p = 

NS). Those with IC-HSIL were, on average, older than those with HSIL alone (59.3 ± 

9.4 years vs 52.4 ± 11.8 years respectively, p = 0.016). History of cardiovascular disease 

and history of diabetes were significantly more prevalent in the IC-HSIL group versus the 

HSIL alone group (cardiovascular disease: 66.7% in HSIL-IC vs 18.4% in HSIL alone, p = 

0.004; diabetes mellitus: 44% in HSIL-IC vs. 2.3% in HSIL alone, p < 0.001). Mean time 

CD4/CD8 was below 0.5 was longer in those who developed IC-HSIL than those who had 

HSIL alone (7.5 ± 6.2 years vs 3.8 ± 4.5 years respectively; p = 0.03). Average percent time 

CD4/CD8 was below 0.5 was also higher in those who developed IC-HSIL than those who 

had HSIL alone (82% ± 33% vs 55% ± 40%; p = 0.052).

Multivariate logistic regression of IC versus HSIL alone:

On multivariate logistic regression, an increase in percent time CD4/CD8 ratio was below 

0.5 of 0.1 units was associated with increased odds of developing IC compared with HSIL 

alone (OR 1.25; 95% CI:1.02-1.53; p = 0.034) (Table 3). Additional significant factors for 

development of IC included history of smoking (OR 18.74; 95% CI:1.45-242.13; p = 0.025) 
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and diabetes (OR 13.74; 95% CI:1.15-164.66; p = 0.039). Total follow-up time of the two 

cohorts was not associated with cancer risk (OR 1, p=0.41).

Discussion:

With this single institution study of PLWH, advanced anal disease was first diagnosed on 

average 7.3 years into HIV disease follow-up. Longer mean and average percent time that 

CD4/CD8 ratio was below 0.5 were associated with progression from HSIL to invasive 

cancer. With the advent of cART therapy, PLWH can be expected to have near normal 

life-spans, and with longer life spans comes the risk of developing non-AIDs defining 

events (NAEs), such as anal cancer, which is driven by an immunocompromised state.4,12,14 

Immune status can be complex to measure as PLWH on therapy typically have undetectable 

viral loads and CD4 values in the normal range. The CD4/CD8 ratio, however, has become a 

promising marker of immune status that correlates with NAEs. 8,14,18 We have demonstrated 

in this study of PLWH and advanced anal disease that time the CD4/CD8 ratio is low can 

correlate with progression from HSIL to invasive cancer and is a promising marker to risk 

stratify and inform surveillance/ treatment intervals for high-risk patients.

HSIL is a common diagnosis for PLWH.10 Rigorous surveillance protocols are followed for 

patients with HSIL in order to treat precancerous lesions and/or detect IC at its earliest 

treatable stages. Which PLWH and diagnosis of HSIL require the closest monitoring 

and treatment is currently unknown. With wide ranges of cancer progression reported in 

the literature, it is difficult to counsel patients on frequency of follow-up examinations/

treatments with individualized risk stratification.10,20 Our previous work which identified 

the CD4/CD8 ratio as a marker of risk for advanced anal disease within PLWH didn’t 

examine how long the ratio was low.17,18 This current study demonstrates that for the 

subpopulation of PLWH and AAD, the mean length of time and average percent of time that 

the CD4/CD8 ratio is below 0.5 is correlated with their risk of developing IC. Progression 

to cancer occurs approximately 1-2% per year in PLWH with HSIL but has been variably 

reported from 0.4% to as high as 10% per year.10,20 Capturing patients with recurrent 

advanced lesions and treating them to prevent progression to invasion is critical.1,9 If 

invasive cancer does occur, earlier detection will improve survival.21 A normal CD4/CD8 

ratio ranges from 1.5-2.5; however, up to 50% of PLWH never normalize their CD4/CD8 

counts despite modern cART therapy. 14,16,22 Our study suggests that a subset of patients 

with prior diagnosis of HSIL are at an increased risk of developing IC, despite treatment 

of their HSIL lesions, and can be identified by monitoring how long the CD4/CD8 ratio 

is below 0.5. In particular, PLWH with an average of 7.7 years and/or 80% of their HIV 

monitoring period with CD4/CD8 ratio below 0.5 are at the highest risk for progression to 

anal cancer.

In this study mean time from the start of HIV monitoring to development of IC is 10.9 

years and for HSIL alone it is 6.7 years. This is compatible with results seen in a systematic 

review of HIV patients who develop HSIL.23 Some authors recommend yearly testing with 

anal Pap tests for PLWH older than 35 to diagnose HSIL.5 Surveillance and treatment 

intervals of PLWH once HSIL has been diagnosed are less clear. Our work identifies the 

CD4/CD8 ratio as an objective laboratory value that can be utilized to help clinicians 
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determine surveillance intervals. In addition to CD4/CD8, we found other risk predictors 

to be highly associated with development of IC. Smokers had an 18-fold increased odds 

of developing IC when compared to remaining with HSIL only. Smoking is a known risk 

factor for the development of anal cancer in PLWH as it is thought to cause re-activation 

of replication.24,25 When controlling for confounders, we also found diabetes to be a 

significant risk predictor with 13-fold increase in risk of IC. This is an interesting finding 

and may be related to the immunomodulation that occurs in those with diabetes.26

There are several limitations to our study. This is a single institution, retrospective study 

representing a fairly homogenous population (majority are white males). Time of HIV 

diagnosis and monitoring is variable as it relates to timing of HIV infection, which cannot 

be determined and remains a limitation of any study of PLWH. This study included patients 

followed over an 18 year period. In more recent years practice protocols have evolved and 

screening has become more rigorous. The limited number of patients in the IC-HSIL group 

may limit generalizability. Since over 95% of anal cancers are HPV-related, our institution 

does not routinely look for HPV on histopathology when cancer is diagnosed which limits 

interpretation of pathogenesis. Finally, we excluded those patients who did not follow-up 

with surveillance exams. Natural history of disease in patients that are noncompliant with 

follow-up may be different than our study population.

Conclusions:

In conclusion, higher mean and average percent time CD4/CD8 ratio is below 0.5 correlates 

with higher odds of progression to anal cancer in patients with HIV and HSIL. Those with 

anal cancer on average had a CD4/CD8 ratio below 0.5 for more than 7.7 years and/or 

longer than 80% of their follow-up time. Monitoring length and percent time CD4/CD8 ratio 

is below 0.5 could help inform decision-making and frequency of anal cancer surveillance 

exams in PLWH.
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Synopsis

With this single institution study of people living with HIV (PLWH) and high-grade anal 

dysplasia (HSIL), longer mean and average percent time that CD4/CD8 ratio was below 

0.5 was associated with progression from HSIL to invasive cancer. Immune status can 

be complex to measure as PLWH on therapy typically have undetectable viral loads and 

CD4 values in the normal range. The CD4/CD8 ratio, however, is a promising marker of 

immune status that correlates with anal cancer risk and can be used to stratify patients.
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Figure 1: 
Time to event analysis of invasive anal cancer (red) and high-grade dysplasia (HSIL) (blue). 

Mean time to development of anal cancer 10.9 ± 1.5 years vs 6.7 ± 0.6 years for HSIL, p = 

0.013).
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Table 1:

Invasive anal cancer versus high-grade dysplasia alone:

Anal
Cancer HSIL p-Value

n 20 87

Age (mean (SD)) 59.30 (9.35) 52.39 (11.84) 0.016

Male (%) 18 (90.0) 78 (89.7) 1.000

Race (%) 0.528

 American Indian or Alaska 0 ( 0.0) 3 ( 3.4)

 Black 3 (15.0) 7 ( 8.0)

 Pacific islander 0 ( 0.0) 3 ( 3.4)

 White 17 (85.0) 74 (85.1)

Smoking history (%) 19 (95.0) 56 (64.4) 0.015

History of STI (%) 6 (30.0) 51 (58.6) 0.039

History of Condyloma (%) 14 (70.0) 49 (56.3) 0.385

History of Anal Intercourse (%) 3 (75.0) 58 (84.1) 1.0001

Cardiovascular disease (%) 11 (55.0) 16 (18.4) 0.002

Diabetes mellitus (%) 7 (35.0) 2 ( 2.3) <0.001

Total time until first AAD diagnosis (Years; mean (SD)) 9.45 (6.97) 7.05 (5.65) 0.1092

Total time CD4/CD8 ratio less than 0.5 (Years; mean (SD)) 7.68 (5.87) 3.81 (4.49) 0.0022

Total percent time CD4/CD8 ratio less than 0.5 (mean (SD)) 0.80 (0.30) 0.55 (0.40) 0.0092

STI: Sexually Transmitted Disease. HSIL: High-Grade Dysplasia. AAD: Advanced Anal Disease

1
Takes into account missing data on (n=34)

2
Takes into account missing data on (n=4)
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Table 2:

Invasive anal cancer developed from high-grade dysplasia versus high-grade dysplasia alone:

Cancer from HSIL HSIL alone p-Value

n 9 87

Age (mean (SD)) 59.30 (9.35) 52.39 (11.84) 0.016

Male (%) 8 ( 88.9) 78 (89.7) 1.000

Race (%) 0.490

 American Indian or Alaska 0 ( 0.0) 3 ( 3.4)

 Black 2 ( 22.2) 7 ( 8.0)

 Pacific islander 0 ( 0.0) 3 ( 3.4)

 White 7 ( 77.8) 74 (85.1)

Smoking history (%) 9 (100.0) 56 (64.4) 0.072

History of STI (%) 3 ( 33.3) 51 (58.6) 0.270

History of Condyloma (%) 6 ( 66.7) 49 (56.3) 0.808

History of Anal Intercourse (%) 3 ( 75.0) 58 (84.1) 1.0001

Cardiovascular disease (%) 6 ( 66.7) 16 (18.4) 0.004

Diabetes mellitus (%) 4 ( 44.4) 2 ( 2.3) <0.001

Total time to first AAD diagnosis (Years; mean (SD)) 8.27 (6.06) 7.05 (5.65) 0.5482

Total time CD4/CD8 ratio less than 0.5 (Years; mean (SD)) 7.49 (6.24) 3.81 (4.49) 0.0282

Total percent time CD4/CD8 ratio less than 0.5 (mean (SD)) 0.82 (0.33) 0.55 (0.40) 0.0522

STI: Sexually Transmitted Disease. HSIL: High-Grade Dysplasia. AAD: Advanced Anal Disease

1
Takes into account missing data on (n=23)

2
Takes into account missing data on (n=4)
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Table 3:

Multivariate regression comparing invasive anal cancer versus high-grade dysplasia

Odds ratio 95% CI p-Value

Intercept 0.00 0.00-0.05 0.003

Age 1.05 0.98-1.14 0.172

History of Smoking 18.74 1.45-242.13 0.025

History of STI 0.65 0.18-2.35 0.512

History CVD 1.52 0.34-6.79 0.585

History DM 13.74 1.15-164.66 0.039

Percent CD4/CD8 below 0.5 (0.1 unit) 1.25 1.02-1.53 0.034

Total time to first AAD diagnosis 1.00 1.00-1.00 0.409

DM: Diabetes Mellitus. STI: Sexually Transmitted Disease. CVD: Cardiovascular Disease. AAD: Advanced Anal Disease
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