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Abstract

Objectives—To examine the risk and trends of HPV-related and HPV-unrelated Head and Neck 

Squamous Cell Carcinoma (HNSCC) in HIV-infected individuals and assess whether 

immunosuppression (measured through CD4 cell count) and other risk factors impact HNSCC 

risk.

Materials and methods—Incident HNSCCs at HPV-related and HPV-unrelated anatomic sites 

were detected in HIV-infected participants from pooled data from 17 prospective studies in the 

North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) between 

1996 and 2009. HNSCC cases were validated using chart review or cancer registry matching. Risk 

factors for incident HPV-related and HPV-unrelated HNSCC were explored using mixed effects 

Poisson regression in a full prospective analysis, and the effect of CD4 prior to cancer diagnosis 

was examined in a nested case control analysis.

Results—66 HPV-related and 182 HPV-unrelated incident HNSCCs were detected among 

82,375 HIV-infected participants. Standardized incidence ratios (SIRs) for both HPV-related (SIR 

= 3.2, 95%CI = 2.5–3.4) and HPV-unrelated (SIR = 3.0, 95%CI = 2.5–4.1) HNSCC were 

significantly elevated in HIV-infected individuals compared with the US general population. 

Between 1996 and 2009, the age-standardized HPV-related HNSCC incidence increased non-

significantly from 6.8 to 11.4 per 100,000 person-years (p-trend = 0.31) while the age-

standardized incidence of HPV-unrelated HNSCC decreased nonsignificantly from 41.9 to 29.3 

per 100,000 person-years (p-trend = 0.16). Lower CD4 cell count prior to cancer diagnosis was 

significantly associated with increased HPV-related and HPV-unrelated HNSCC risk.

Conclusion—The standardized incidence of HPV-related and HPV-unrelated HNSCC are both 

elevated in HIV-infected individuals. Immunosuppression may have a role in the development of 

both HPV-related and HPV-unrelated HNSCC.

Keywords

Head and Neck Squamous Cell Carcinoma; HPV; CD4 T cell count; NA-ACCORD; HIV; 
Oropharyngeal cancer

Introduction

Human papillomavirus (HPV) infection, tobacco, and alcohol use are three major causes of 

Head and Neck Squamous Cell Carcinoma (HNSCC) [1,2]. In the general population of 

North America, the incidence of many types of HNSCCs, such as oral cavity cancer, have 

been decreasing over the past several decades due to decreases in tobacco use [3,4]. In 

contrast, incidence of HNSCCs related primarily to oral HPV infection (i.e. oropharyngeal 

cancers), have been increasing over the same time period [3–5].

Less is known about HNSCC in the HIV-infected population of North America, as few 

studies have been large enough to explore this heterogeneous malignancy. Large cohort and 

HIV/AIDS-Cancer registry match studies have suggested that HIV-infected individuals have 

a 1.5–4-fold higher risk for HNSCC compared with the general population [6–8]. However, 

many of these studies have combined HPV-related oropharyngeal cancers with other HPV-
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unrelated HNSCCs together in one “oral cavity and pharynx cancer” category, so it is 

unclear whether this increased HNSCC risk may be explained by higher levels of tobacco 

and alcohol use, higher exposure to HPV, faster progression of carcinogenesis due to 

immunosuppression (lower CD4 cell count), or a combination of these factors [9,10].

The incidence of several cancers caused by infectious agents, such as Kaposi's sarcoma, has 

decreased dramatically in HIV-infected individuals after the introduction of effective 

antiretroviral therapy (ART, also known as HAART or cART) around 1996. In contrast, 

there is evidence that the incidence of some HPV-related cancers such as anal cancer [11–

14], and perhaps oropharyngeal cancer [11], may have increased in HIV-infected individuals 

over the past two decades.

The role of HIV and immunological factors such as reduced CD4 cell count in the 

development of HNSCC is unclear as some preliminary studies have suggested an 

association with increased HNSCC risk [15–17], but another did not [18]. Using data from 

the NA-ACCORD (North American AIDS Cohort Collaboration on Research and Design) 

[19], a collaboration of longitudinal studies of HIV-infected individuals, we explored the 

risk and trends of HPV-related and HPV-unrelated HNSCC, and assessed the degree to 

which immunosuppression plays a role in increasing HNSCC risk.

Material and methods

Study population and design

The NA-ACCORD is a large collaboration of longitudinal cohort studies involving HIV-

infected individuals in North America and is a part of the International Epidemiologic 

Databases to Evaluate AIDS (IeDEA) initiative [19]. HNSCCs were identified and validated 

from HIV-infected individuals from three interval cohorts and fourteen clinically based 

cohort studies between 1996 and 2009. Each cohort submitted demographic, treatment, 

clinical, and laboratory data to the NA-ACCORD data management center. The data 

management center harmonized the individual cohort datasets and implemented a series of 

rigorous quality control procedures [19].

Participants’ follow-up time for this study began at the maximum of: January 1, 1996, the 

participant's entry date into the cohort or the earliest date of cancer validation in the 

respective cohort. Participants were followed until the minimum of: the date of their HNSCC 

diagnosis, loss to follow-up, death, a cohort's specific administrative censoring date or the 

last date of cancer validation (December 31, 2009 for most cohorts). Data from the 

Surveillance Epidemiology and End Results (SEER) program (version 9) on anatomical site-

specific HNSCC was utilized as a general population comparison [20].

Data in this analysis was restricted to the potent combination ART era (1996 or later), but 

included both individuals who used and did not use ART. ART use was defined as a 

regimen involving at least three antiretrovirals, including a protease inhibitor, an entry 

inhibitor or an integrase inhibitor, or three nucleoside reverse-transcriptase inhibitors, 

including abacavir or tenofovir as further described in the DHHS Panel [21]. Institutional 
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review boards at each of the participating cohort site locations have reviewed and approved 

the human subject activities of the NA-ACCORD.

Cancer validation and categorization

HNSCC cases were validated before this analysis through chart review with clinical 

confirmation from medical records/pathology reports or through cancer registry-linkage. 

The validation was performed using a standardized abstraction survey which included 

histologic confirmation of each HNSCC along with the source of cancer confirmation and 

the date of diagnosis. Cohorts that validated HNSCCs through cancer registry linkage used 

internal validation systems which adhered either to the Surveillance Epidemiology and End 

Results (SEER) or the North American Association of Central Cancer Registries quality 

standards [22].

All HNSCCs [23] were included in the analysis, and were classified as C00.0-C14.8, C30.0-

C31.9, and C32.0-32.9 using the International Classification of Disease for Oncology 

version-3 (ICD-0-3) topography codes. As tumor HPV status was not available in this study, 

all oropharyngeal cases were considered “HPV-related”, as has been previously defined in 

several other previous HNC studies [3,4,24]. This assumption is supported by data 

indicating oncogenic HPV is detectable in approximately 50–80% of HIV-infected [25] and 

HIV-uninfected [3,5] individuals from the US with oropharyngeal cancer. HPV-related 

HNSCCs were defined using the following ICD-0-3 topographic codes: base of the tongue 

(C01.9), lingual tonsil (C02.4), palatine tonsil (C09.0-09.9), oropharynx (C10.2-10.9), 

pharynx NOS (C14.0), and Waldyer's ring (C14.2) [3]. All other HNSCCs were classified as 

HPV-unrelated, as recent studies have found that HPV has little to no etiologic role (<20%) 

in HNSCCs outside the oropharynx in either HIV-uninfected [24,26] or HIV-infected 

individuals [25]. HNSCCs classified as HPV-unrelated included: lip (C00.0-00.9), oral 

cavity (C02.0-02.3 and C02.5-06.9), hypopharynx (C12.9-13.9), nasopharynx (C11.0-11.9), 

salivary gland (C07.9-08.9), anterior epiglottis (C10.1), other overlapping sites (C14.8), 

nasal cavity and middle ear (C30.0-30.1), accessory sinuses (C31.0-31.9), and larynx 

(C32.0-32.9) cancers. For these analyses, cancers were restricted to squamous cell 

carcinomas, (ICD-O-3 morphology codes: 8050-76, 8078, 8083, 8084, 8094) and 

carcinoma, NOS (8010).

Statistical analysis

The characteristics of participants who developed an incident HPV-related or HPV-

unrelated HNSCC were compared to each other and with all other NA-ACCORD 

participants who did not develop an HNSCC using the x2 test for categorical data and the 

Wilcoxon–Mann–Whitney test for medians for continuous data. Incidence rates of HPV-

related and HPV-unrelated HNSCC were calculated among HIV-infected individuals overall 

(from 1996 to 2009) and were stratified by calendar period. For descriptive analyses, we 

performed direct age standardization of these rates using the 2000 US census standard 

population and restricted to ages 20 or older in order to better match the NA-ACCORD 

population [20]. We also compared the rate of HNSCC in the NA-ACCORD with the US 

general population using standardized incidence ratios (SIRs). These SIRs were standardized 

for age, gender, race, and calendar period and were, calculated by indirect standardization 
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using rates from Surveillance Epidemiology and End Results (SEER) from 1996 to 2009 

[20].

Mixed effects Poisson regression was utilized to model the incidence rates and examine risk 

factors for HNSCC incidence. A random intercept was used to account for differences in 

HNSCC incidence by cohort. All multivariate Poisson models included age, gender, race, 

smoking status and baseline CD4 cell count.

We also explored the effect of CD4 cell count prior to cancer diagnosis utilizing a nested 

case control study similar to previous studies [27,28]. We matched each HNSCC case to up 

to ten controls on age at study entry (+5 years), cohort, gender, and enrollment year in the 

study. As incidence density sampling was utilized, the matched controls had the same 

amount of study follow-up time as the cases for this analysis. Reference dates were defined 

as the date of cancer diagnosis for HNSCC cases, or for controls as the date after the same 

length of follow-up time in the NA-ACCORD as the matched HNSCC case. To evaluate the 

impact of CD4 prior to the reference date, we categorized CD4 measures into time period 

categories prior to the reference date (less than 2 years, 2–4 years, 5–7 years, or 8–10 years). 

The results were then evaluated using conditional logistic regression. For this analysis, if 

more than one CD4 cell count measurement was available for an individual case or control 

in a specific time period, then the mean of the multiple CD4 measurements was utilized.

Ever smoking was defined as ever reporting smoking cigarettes before or during the study. 

Data on this variable was non-uniformly collected by sixteen participating cohorts, and in 

one cohort (hereby called cohort A, which represented 46% of our total NA-ACCORD 

sample) no smoking information was available on any participants. In the other sixteen 

contributing cohorts, smoking status was available on 75% of the participants. To account 

for the missingness in the ever smoking variable in the other 25% of participants, stochastic 

multiple imputation via logistic regression was performed [29]. The probability of smoking 

as a time-fixed variable was imputed using PROC MI (SAS version 9.3) from five random 

draws from a multivariate normal distribution [29,30]. The imputation model included: 

study site, age, gender, race, HIV transmission risk, death during study, follow-up time, 

CD4 and HIV RNA at entry, and ever ART use. Proc MIANALYZE was used to obtain 

correct standard errors for parameter estimates as previously described [29,30]. We did not 

impute the smoking status for participants in cohort A as the imputation largely relied on 

having at least some participants with smoking data from the same study site. For the full 

prospective analysis, a missing category was used for the participants in cohort A, and we 

also performed sensitivity analyses considering risk factors excluding cohort A.

Results

Participant characteristics

This study included 82,375 HIV-infected participants from 17 cohort studies in the NA-

ACCORD. These participants contributed 463,784 person-years between 1996 and 2009, 

with a median follow-up time of 4.9 (IQR = 2.0–8.9) years. Only a subset of participants 

were on ART at entry into the study (20%); however most of the study participants had been 

exposed to ART by the end of follow-up (78%). There were 248 incident HNSCCs 
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ascertained during follow-up. These HNSCC cases were more likely to be older, male, 

African American, ever smokers, and have a lower baseline CD4 cell count compared with 

other individuals in the NA-ACCORD (Table 1, all p-values < 0.01). Characteristics of 

individuals who developed HPV-related HNSCC were similar to those who developed HPV-

unrelated HNSCCs (p > 0.05), except the former were modestly younger (Table 1, p = 0.04).

Incidence of HPV-related and HPV-unrelated HNSCC

In the HIV-infected participants of NA-ACCORD, the age-standardized incidence rate for 

overall HNSCC was 50.6 (95%CI = 41.0– 60.1) per 100,000 person-years. Among the 248 

incident HNSCCs in the NA-ACCORD, there were 182 HPV-unrelated HNSCCs and 66 

HPV-related HNSCCs (Table 2). The majority of HPV-unrelated HNSCCs were larynx and 

oral cavity cancers, while the most common anatomical sites for HPV-related HNSCCs were 

the lateral wall of the oropharynx and the base of the tongue (Table 2). The age-standardized 

incidence of HPV-unrelated HNSCC (40.0, 95%CI = 31.0– 49.0 per 100,000 person-years) 

was significantly higher than HPV-related HNSCC (10.7, 95%CI = 7.5–13.9 per 100,000 

person-years) (table at bottom of Fig. 1).

Compared with the general US population from SEER, HIV-infected individuals in the NA-

ACCORD had a threefold higher standardized incidence of HNSCC (SIR = 3.0, 95%CI = 

2.7–3.4, Table 2). The threefold increased incidence of cancer was consistent across all head 

and neck anatomical sites (Table 2), including all of the HPV-related (oropharyngeal) cancer 

sites (SIR = 3.2, 95%CI = 2.5–4.1) and the HPV-unrelated HNSCC anatomical sites (SIR = 

3.0, 95%CI = 2.5–3.4).

Incidence of HNSCC over time

The incidence of HNSCC did not substantially change over the course of this study, but 

there were non-significant trends which appeared to mirror the trends in the US general 

population (Fig. 1). The age-standardized incidence of HPV-related HNSCC was close to 

twice as high in 2001–2005 (IR = 12.4 per 100,000, 95%CI = 7.4–17.6) compared with 

1996–2000 (6.8 per 100,000, 95%CI = 1.3–12.3), although this difference was not 

statistically significant; furthermore the rate did not continue to increase in more recent 

years (Fig. 1, p-trend = 0.31). The age-standardized incidence of HPV-unrelated HNSCC 

remained constant between 1996 and 2005, and then non-significantly declined in more 

recent years (48.6 vs. 29.3 per 100,000, Fig. 1, p-trend = 0.16).

Impact of risk factors on HNSCC incidence

Risk factors were similar for HPV-related and HPV-unrelated HNSCC incidence. Older age 

appeared to have the strongest impact on HNSCC incidence, as older participants had a 

significantly higher incidence of HPV-related HNSCC, as well as HPV-unrelated HNSCC, 

after adjustment for other risk factors (both p < 0.001, Table 3). In addition, ever smokers 

and those with a lower baseline CD4 cell count both had a non-significantly elevated 

incidence of HPV-related and HPV-unrelated HNSCC after adjustment (Table 3).

The incidence of HPV-related and HPV-unrelated HNSCC, respectively, was not associated 

with gender, sexual orientation, baseline HIV RNA viral load or baseline CD8 T cell count. 
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While the incidence of HPV-related HNSCC was also not associated with race or baseline 

ART status, the incidence of HPV-unrelated HNSCC was lower among those who were not 

on ART at baseline compared to those who were on ART at baseline and among those who 

were an “other” race compared to those who were black or white.

In a sensitivity analysis, we considered the effect of risk factors on HNSCC incidence by 

cohort and observed modest differences between the cohort A and the other cohorts in the 

NA-ACCORD, however, these interactions did not approach statistical significance (p-

interactions ≥ 0.20, Supplemental Table 1). To determine if this non-significant difference 

by cohort was due to the lack of smoking data in the cohort A, we ran another sensitivity 

analysis that excluded cohort A participants. We found that adjusting for ever smoking 

status did not strongly impact the point estimates between risk factors and HPV-related or 

HPV-unrelated HNSCC among non-cohort A participants (Supplemental Table 2). In 

addition, we found that the baseline CD4 cell count in ever and never smokers was similar 

(p = 0.90).

Impact of CD4 cell count on HNSCC incidence

After finding that reduced baseline CD4 cell count may be associated with increased 

HNSCC incidence, we further explored the effect of reduced CD4 by conducting a nested 

case control analysis. When measured up to seven years prior to the reference date, reduced 

CD4 cell count was significantly associated with HPV-related and HPV-unrelated HNSCC 

(Table 4, Supplemental Fig. 1). CD4 cell count measured within two years prior to the 

reference date (i.e. around cancer diagnosis for cases) was associated with both HPV-related 

(CD4 < 200: aOR = 2.1, 95%CI = 1.0–4.5; continuous p-trend = 0.04) and HPV-unrelated 

HNSCC (CD4 < 200: aOR = 2.5, 95%CI = 1.5–4.2; continuous p-trend < 0.001). Similar 

associations were seen when CD4 cell count was measured up to seven years prior to the 

reference date for both HPV-unrelated and HPV-related HNSCC (Table 4). Additionally, 

there was a non-significant suggestion that the association may have modestly strengthened 

further from the reference date for HPV-related HNSCC (5–7 years, CD4 < 200: aOR = 3.9, 

95%CI = 1.1–13.0).

Discussion

In this large prospective study, we determined that the standardized incidence of HPV-

related and HPV-unrelated HNSCC were both threefold higher in HIV-infected individuals 

than the US general population. This study also supports a modest role for 

immunosuppression (low CD4 cell count) prior to cancer diagnosis. This supports evidence 

from other studies [7,31], that immunosuppression from HIV may impact the head and neck 

carcinogenesis process.

The three fold higher incidence of HNSCC in this HIV-infected population compared with 

the general population is consistent with previous registry-based studies, which have 

suggested that the incidence of HNSCC is between 1.5 and 4-fold higher in HIV-infected 

individuals [6,7]. In addition, the age-standardized incidence of HPV-related HNSCC 

increased while the age-standardized incidence of HPV-unrelated HNSCC decreased among 

these HIV-infected individuals between 1996 and 2009, which mirrors what has been 
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observed in the general HIV-uninfected population [3,5]. However, the calendar trends in 

this study were modest and did not reach statistical significance. This may, in part, be 

explained by the imprecise groupings of cancers in our study by tumor subsite; as some 

oropharyngeal cases were likely HPV-negative this misclassification may have attenuated 

the actual HPV-positive oropharyngeal trends similar to what has been seen in the general 

population [5]. Regardless of the age-standardized trends, it appears likely that the overall 

number of both HPV-related and HPV-unrelated HNSCCs may increase in the future given 

the aging of the HIV-infected population in North America [11] and the strong association 

we observe between older age and both HPV-related and HPV-unrelated HNSCC. Further 

research is also necessary to examine how providing ART for those with higher CD4 cell 

counts will impact HNSCC incidence, since it has recently become the more common 

practice in high income countries. Our study did not observe ART use to be protective 

against either HPV-related or HPV-unrelated HNSCC; however, since ART has traditionally 

been given to individuals who are more immunosuppressed there is a possibility of 

confounding by treatment indication.

It has been speculated that the higher incidence of HNSCC in HIV-infected individuals 

might be due to multiple different factors including: their increased use of tobacco or 

alcohol, their higher number sexual partners, and/or from HIV-related immunosuppression 

[7,32]. However, the effect of immunosuppression on HNSCC incidence has not been 

extensively explored previously. Most previous studies that include HNSCCs in HIV-

infected individuals have been limited to exploring the role of CD4 cell count at one time 

point, and have not explored the effect immunosuppression trends over time [16,17]. Our 

study supports the conclusion that immuno-suppression may have a modest role in the 

development of HNSCC [15–17], and suggests this may be true for both HPV-related and 

HPV-unrelated HNSCC.

It has been previously speculated that immunosuppression may have its strongest impact 

earlier in the HPV-related carcinogenesis process (in affecting HPV acquisition and 

persistence) [33,34] however; initial findings exploring the longitudinal effect of CD4 on 

other HPV-associated cancers have been mixed. One recent study suggested that 

immunosuppression may have its largest effect 6– 7 years prior to anal cancer diagnosis 

[28], while another study suggested a stronger effect close to cervical cancer diagnosis [27]. 

The results of this NA-ACCORD study found that lower CD4 measured further from HPV-

related HNSCC diagnosis (5–7 years vs. 0–2 years) may be more strongly associated with 

HPV-related HNSCC; however the difference between these CD4 measures was not 

significant.

The finding that immunosuppression was also associated with HPV-unrelated HNSCC in 

this study suggests that reduced immune surveillance for malignant cells could have a role in 

HNSCC development [35,36] There have been several recent studies that have suggested 

immunosuppression prior to cancer diagnosis may impact infection and non-infection 

related non-AIDS defining malignances [9,15,37,38]. For example, a study from Kaiser 

Permante [15] suggested that reduced recent CD4 was associated with a higher risk of both 

infection related and non-infection related cancers, except prostate cancer. Alternatively, it 

is also conceivable that undiagnosed HNSCC may be playing a role in reducing a 
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participant's immune status. A recent European study found a higher risk of cancer diagnosis 

within six months of a detectable decline in CD4 count, suggesting that the decline in CD4 

may be a consequence of an undiagnosed cancer rather than a causal agent in the 

malignancy's development [39].

While we note a modest association between immunosuppression and HPV-related HNSCC 

risk, the three fold higher standardized incidence rate for HPV-related HNSCC (comparing 

HIV-infected individuals with the general population) is considerably lower than the SIRs 

for other HPV-associated cancers including cervical, anal, and vulvar cancer (SIRs > 5) 

[6,13,16]. It is possible that the SIR of HPV-related HNSCC may be lower due to the 

demographics (other than age) and sexual orientation of the North American HIV-infected 

population [6,7]. Specifically, the incidence of HNSCC may be modest in North American 

HIV-infected individuals as ~75% are either heterosexual women or men who have sex with 

men (MSM) [40], and there is evidence that performing oral sex on a man may be less likely 

to transmit oral HPV infection than performing it on a woman [7,41]. However, in this 

study, heterosexual men had a similar incidence of HPV-related HNSCC compared to MSM 

and women, although sexual orientation was not available on some of our participants and 

we were unable to adjust for important risk factors such as number of lifetime oral sex 

partners.

There are several strengths to this study. The study used prospective data from a large 

collaboration of HIV-studies that have been suggested to be representative of the HIV-

infected population in clinical care in North America [19]. In addition, this study included a 

rigorous standardized validation procedure to confirm malignancies, included approximately 

15 years of data, and is one of the first studies to explore HPV-related and HPV-unrelated 

HNSCC incidence among HIV-infected individuals. However, we should note that we 

lacked detailed information on other co-factors such as sexual behavior, alcohol use, and 

detailed tobacco use (such as current tobacco use and cumulative tobacco use) and thus the 

risk factor's associations with HNSCC are still prone to residual confounding. In addition, 

there was outcome misclassification as we lacked the HPV tumor status of these HNSCCs 

and thus all oropharyngeal cancers were classed HPV-related in this study. While a 

relatively small recent case series suggests that HPV is detected in the majority of 

oropharyngeal cancers in HIV-infected individuals [25], there were still likely HPV-negative 

oropharyngeal cancers that were classified as HPV-related HNSCCs in this study especially 

given the high rate of tobacco use in HIV-infected individuals [10]. This may impact both 

the HPV-related SIR and the association of risk factors.

In summary, this study demonstrates that North American HIV-infected individuals have an 

elevated risk of both HPV-related and HPV-unrelated HNSCC. However these SIRs are 

relatively modest compared to other carcinomas induced by HPV or other viruses [6,17], 

suggesting that the North American HIV-infected population as a whole may not be strong 

candidates for more aggressive HNSCC screening modalities if they were developed. While 

there has not been a strong decline in the age-standardized incidence of HNSCC in the 

antiretroviral therapy era, these results and others suggest that immunosuppression likely 

plays a role during the HNSCC carcinogenesis process.
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Fig. 1. 
Age Standardized Incidence Rates of HPV-related and HPV-unrelated HNSCC between 

1996 and 2009 in the NA-ACCORD and SEER.
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Table 1

Characteristics of the participants in NA-ACCORD compared with those with HPV-related and HPV-

unrelated Head and Neck Squamous Cell Carcinomas (HNSCCs).

HIV-positive individuals in NA-ACCORD

All cohort (n = 82,375) HPV-related HNSCC (n = 66) HPV-unrelated HNSCC (n = 
182)

Median age at baseline (IQR) 42.8 (36.0-49.7)
48.5 (43.4-52.3)

b
49.0 (44.4-55.3)

b

Gender/sexual orientation

Female 11,308 (14%) 5 (7.6%) 14 (7.6%)

Male (heterosexual and MSM) 71,308 (86%) 61 (92.4%) 168 (92.3%)

MSM only
a 20,960 (50%) 8 (47%) 15 (40%)

Race

Black (non-hispanic) 31,411 (38%) 35 (53%) 86 (47%)

White (non-hispanic) 36,588 (45%) 24 (36%) 91 (50%)

Other 13,897 (17%) 7 (10%) 5 (2.8%)

Median year of entry (IQR) 2000 (1997-2004) 1999 (1997-2000) 1998 (1997-1998)

Median years of follow-up (IQR) 4.9 (2.0-8.9) 4.7 (3.7-6.0) 4.5 (3.6-5.1)

Median CD4 T cell count at baseline (IQR) 293 (127-487) 248 (189-327) 240 (205-322)

Current ART use at baseline 15,990 (20%) 12 (19%) 44 (24%)

Ever ART during study 64,072 (78%) 54 (82%) 137 (75%)

Median HIV viral load at baseline (IQR) 15258 (508-91000) 9479 (400-63608) 15,100 (971-78032)

≤500 copies/mL 14,388 (18%) 15 (23%) 17 (16%)

>500 copies/mL 64,587 (81%) 51 (77%) 92 (84%)

Smoking 
a

Ever 31,857 (76%) 21 (84%) 44 (92%)

Never 10,016 (24%) 4 (16%) 4 (8.3%)

Stage of cancer

T1-T2 n/a 38 (58%) 118 (64%)

T3-T4 n/a 19 (29%) 32 (18%)

Unknown n/a 9 (14%) 32 (18%)

a
Smoking status and sexual orientation is missing from cohort A (n = 37,685, 46 % of the study population).

b
p Value = 0.04 between HPV related and unrelated HNSCCs.
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Table 2

Total Head and Neck Squamous Cell Carcinomas in NA-ACCORD compared to the US General Population 

between 1996 and 2009.

Anatomical site Observed total Standardized incidence ratio (SIR)
a

Total Head Neck Squamous Cell Carcinomas (HNSCCs) 248 3.0 (2.7-3.4)

HPV-related - Oropharynx
b 66 3.2 (2.5-4.1)

Oropharynx - lateral wall/tonsil/posterior wall/unspecified 43 3.9 (2.8-5.3)

Base of tongue 20 2.4 (1.5-3.7)

Pharynx, NOS 4 3.6 (1.0-9.2)

HPV-unrelated
b 182 3.0 (2.5-3.4)

Larynx/hypopharynx/supraglottis 95 3.5 (2.9-4.3)

Oral cavity 56 2.5 (1.9-3.3)

Lip 10 1.9 (0.9-3.6)

Paranasal sinus/nasal cavity/middle ear 9 4.0 (1.8-7.6)

Nasopharynx 8 2.7 (1.1-5.2)

Salivary gland 4 2.0 (0.6-5.2)

a
Standardized for age, gender, race, and calendar period.

b
HPV-related and HPV-unrelated HNSCC were categorized by anatomical site, since HPV tumor status was unavailable.
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Table 3

Unadjusted and adjusted incidence rate ratios for risk factors for HPV-related and HPV-unrelated Head and 

Neck Squamous Cell Carcinoma (HNSCC).

Variable HPV-related HNSCC HPV-unrelated HNSCC

IRR aIRR
a IRR aIRR

a

Age

<40 REF REF REF REF

40-50 3.4(1.6-7.1) 3.3 (1.4-7.5) 4.9 (2.8-8.2) 4.5 (2.5-8.2)

50+ 4.2 (1.9-9.2) 4.9 (2.0-11.8) 8.5 (4.9-14.5) 7.1 (3.8-13.3)

Gender/sexual orientation

Female REF REF REF REF

Male
b 1.6 (0.55-4.3) 1.2 (0.42-3.2) 1.7 (0.81-3.7) 1.0 (0.47-2.1)

Race

Black REF REF REF REF

White 0.69 (0.41-1.2) 0.78 (0.41-1.5) 1.3 (0.78-1.4) 1.0 (0.67-1.50)

Other 0.63 (0.24-1.7) 0.76 (0.27-2.2) 0.23 (0.09-0.60) 0.29 (0.10-0.82)

Smoking status 
c

Never REF REF REF REF

Ever 2.5 (0.57-10.8) 2.4 (0.55-11) 3.0 (1.1-8.4) 2.6 (0.94-7.4)

Baseline CD4

≥500 cells/μL REF REF REF REF

200-500 cells/μL 2.0 (0.86-4.7) 1.9 (0.82-4.5) 1.7 (0.97-2.8) 1.6 (0.93-2.7)

<200 cells/μL 1.8 (0.74-4.5) 1.6 (0.66-3.9) 1.9 (1.1-3.3) 1.7 (0.99-3.0)

ART use at baseline

Yes REF REF -

No 1.0 (0.53-1.8) - 0.68 (0.48-0.96) -

Baseline HIV viral load

<500 copies/mL REF - REF -

500-100,00 copies/mL 0.49 (0.22-1.1) - 0.74 (0.41-1.3) -

>10,000 copies/mL 0.49 (0.23-1.0) - 0.94 (0.55-1.6) -

Baseline CD8 
c

Highest (Quartile 1) REF - REF -

Quartile 2 2.0 (0.37-11.0) - 0.42 (0.13-1.4) -

Quartile 3 2.1 (0.38-11.7) - 0.74 (0.27-2.0) -

Quartile 4 1.1 (0.15-7.5) - 0.74 (0.28-2.0) -

a
Adjusted for age, gender, race, smoking status, CD4 at baseline, and cohort.

b
MSM and other men had a similar incidence of both HPV-related and HPV-unrelated HNSCC men when sexual orientation was available (p > 

0.50).

c
Data not available for these variables in Cohort A.
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Table 4

Impact of different measures of CD4 T cell count on HPV-related and HPV-unrelated HNSCC in the HIV-

infected individuals in the NA-ACCORD.

CD4 cell count measure HPV-related HNSCC HPV-unrelated HNSCC

Cases/total aOR
a Cases/total aOR

a

CD4 0-1 years before cancer diagnosis/reference date 
b

≥500 cells/μL 16/235 REF 36/518 REF

200-500 cells/μL 36/321 1.6 (0.85-3.0) 72/685 1.8 (1.1-2.9)

<200 cells/μL 19/156 2.1 (1.0-4.5) 49/388 2.5 (1.5-4.2)

CD4 2-4 years before cancer diagnosis/reference date 
b

≥500 cells/μL 18/247 REF 33/527 REF

200-500 cells/μL 37/370 1.5 (0.82-2.9) 71/698 1.5 (0.96-2.3)

<200 cells/μL 15/148 1.9 (0.86-4.2) 39/314 3.6 (2.2-5.9)

CD4, 5-7 years before cancer diagnosis/reference date 
b

≥500 cells/μL 7/130 REF 17/269 REF

200-500 cells/μL 28/234 3.3 (1.1-9.9) 45/442 1.8 (0.94-3.3)

<200 cells/μL 11/91 3.9 (1.1-13.0) 30/188 3.3 (1.7-6.5)

CD4, 8-10 years before cancer diagnosis/reference date 
b

≥500 cells/μL 1/23 REF 7/76 REF

200-500 cells/μL 14/101 3.6 (0.41-31.8) 13/174 0.79 (0.28-2.2)

<200 cells/μL 0/30 - 14/70 3.1 (1.0-9.0)

a
10 controls were matched to each HNSCC cases and were matched on age (±5 years), cohort, gender, and enrollment year in the study. Using 

conditional logistic regression models, the association with each CD4 measure was considered separately and was adjusted for smoking status and 
current ART status.

b
Controls were matched to cases utilizing incident density sampling, thus the reference dates for controls had the same amount of study follow-up 

time as the cancer diagnosis date for cases.
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