
Supplementary Material* 
 
Park LS, Tate JP, Sigel K, Brown ST, Crothers K, Gibert C, et al. Association of Viral Suppression With 
Lower AIDS-Defining and Non–AIDS-Defining Cancer Incidence in HIV-Infected Veterans. A 
Prospective Cohort Study. Ann Intern Med. 2018. doi:10.7326/M16-2094 
 
PART 1. Methods……………………………………………………………………………………………………………………………………2 

Supplement Table 1. ICD-O-3 topography and morphology code mappings for virus-NADC and poorly-
specified cancers  
Supplement Figure 1. Example of viral suppression classification for a single cohort member using midpoint 
estimation 
Supplement Table 2. Covariate data sources, definitions, and proportion of missing/unknown 
Multiple Imputation Analysis Methods 

PART 2. Sensitivity analyses…………………………………………………………………………………………………………………..8 
Sensitivity Analyses Methods 
Supplement Figure 2. Numbers of cancer cases, IRs (per 100,000 person-years), and multivariate Poisson 

regression RRs with 95% CI by HIV viral suppression status, and P values for HIV+ IR viral suppression 
trend, for cancer groups, comparing viral suppression thresholds of 50 and 500 copies/mL in 2003-2015   

Supplement Figure 3. Numbers of cancer cases, IRs (per 100,000 person-years), and Poisson regression RRs 
with 95% CI by HIV viral suppression status, and P values for HIV+ IR viral suppression trend, for cancer 
groups, comparing early-suppressed/long-term-suppressed cut-points of one versus two years 

Supplement Table 3. Calendar period-viral suppression trend P values for interaction in multivariate Poisson 
models restricted to HIV+ persons, for cancer groups 

Supplement Table 4. Multivariate Poisson regression HIV+ IR viral suppression trends (per unit increase in 
viral suppression status) and P values for trend, for cancer groups, stratified by calendar period   

Supplement Figure 4. Multivariate Poisson regression RRs with 95% CI and P values for HIV+ IR viral 
suppression trend stratified by nadir CD4 count, for cancer groups 

Supplement Figure 5. Multivariate Poisson regression RRs with 95% CI and P values for HIV+ IR viral 
suppression trend stratified by baseline CD4:CD8 ratio, for cancer groups 

Supplement Figure 6. Multivariate Poisson regression RRs with 95% CI and P values for HIV+ IR viral 
suppression trend stratified by time-updated CD4 count lagged by 180 days, for cancer groups 

PART 3. Literature review………………………………………………………………………………………………………………………25 
Supplement Table 5. Literature review of ART strategy RCTs and observational studies that examined viral 
suppression and cancer risk 

 
* This supplementary material was provided by the authors to give readers further details on their 
article. The material was reviewed but not copyedited. 
  

Annals of Internal Medicine 

Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/0/ by Jules Levin on 06/12/2018



PART 1. Methods 
 
Supplement Table 1. ICD-O-3 topography and morphology code mappings for virus-NADC and poorly-
specified cancers  

Supplement Figure 1. Example of viral suppression classification for a single cohort member using midpoint 
estimation 

Supplement Table 2. Covariate data sources, definitions, and proportion of missing/unknown 

Multiple Imputation Analysis Methods 

2 
 

Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/0/ by Jules Levin on 06/12/2018



Supplement Table 1. ICD-O-3 topography and morphology code mappings for virus-NADC and poorly-specified cancers 
Cancer type description Related virus ICD-O-3 topography code ICD-O-3 morphology 
Virus-NADC    
 Oral cavity and 

pharynx SCC 
Human papillomavirus C01.9 base of tongue  

C02.4 lingual tonsil  
C09.0-C09.9 tonsil  
C10.0 vallecula 
C10.2-C10.9 oropharynx, except anterior 
surface of epiglottis  
C14.0 pharynx NOS  
C14.2 Waldeyer ring  

8050-8084, 8094 SCC 
8121 Schneiderian carcinoma 
8123 basaloid carcinoma 
8010 carcinoma, NOS 

 Anal SCC Human papillomavirus C21.0-C21.8 anus and anal canal 
C20.9 rectum 

8050-8084, 8094 SCC 
8123 basaloid carcinoma 
8124 cloacogenic carcinoma 
8010 carcinoma, NOS* 

 Liver hepatocellular 
carcinoma 

Hepatitis C virus, hepatitis B 
virus 

C22.0 liver 8170-8180 hepatocellular carcinoma 

 Vagina SCC Human papillomavirus C52.9 vagina 8050-8084, 8094 SCC 
8123 basaloid carcinoma 
8010 carcinoma, NOS 

 Vulva SCC Human papillomavirus C51.0-C51.9 vulva 8050-8084, 8094 SCC 
8123 basaloid carcinoma 
8010 carcinoma, NOS 

 Penis SCC Human papillomavirus C60.0-C60.9 penis 8050-8084, 8094 SCC 
8123 basaloid carcinoma 
8010 carcinoma, NOS 

 Hodgkin lymphoma Epstein-Barr virus  9650-9667 Hodgkin lymphoma 
Poorly specified 
 Poorly-specified morphologies that may or may not 

represent non-Hodgkin lymphoma or Kaposi sarcoma 
 8000 Neoplasm, malignant 

8001 Tumor cells, malignant 
 SCCs of unknown site in women that may or may not 

represent invasive cervical cancer 
C80.9 unknown primary site 8050-8084, 8094 SCC 

8010 carcinoma, NOS 
ICD-O-3 = International Classification of Diseases for Oncology, Third Edition; NOS = not otherwise specified; SCC = squamous cell carcinoma; 
virus-NADC = virus-related non-AIDS-defining cancers. 
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*Only for anal sites (C21.0-C21.8), not rectum (C20.9).  
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Supplement Figure 1. Example of viral suppression classification for a single cohort member using midpoint estimation 

 
 
 Dots represent actual HIV RNA test results over time for one cohort member. Lines represent the HIV RNA value set for any given day in an 
interval. When actual test results change between two time points, the jump occurs at the midpoint of the time interval. Red lines represent 
periods when HIV RNA ≥ 500 copies/mL. The purple line represents the first 720 days (two years) when HIV RNA < 500 copies/mL. Green lines 
represent subsequent time when HIV-RNA remained < 500 copies/mL. The dotted gray line represents time when HIV RNA status was unknown. 
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Supplement Table 2. Covariate data sources, definitions, and proportion of missing/unknown 
   % unknown  
Covariate Data source Definition HIV+ Uninfected Data management in analysis 
Age VA demographics  0% 0% N/A, all non-missing 
Sex VA demographics  0% 0% N/A, all non-missing 
Race/ 
ethnicity 

VA demographics  2% 3% Standardized incidence ratios: 
unknown race included as a 
separate category 
Poisson regression: multiple 
imputation 

Smoking VA Health Factors (38)  7% 5% Poisson regression: multiple 
imputation 

Alcohol 
abuse/ 
dependence* 

Claims (ICD-9 code 
diagnoses), at least 2 
outpatient records or 
1 inpatient record 

ICD-9 code (two outpatient OR one inpatient): 
• 303: alcohol dependence syndrome 
• 305.0: nondependent alcohol abuse  

0% 0% No unknowns due to nature of 
measurement (diagnosis 
required presence of ICD-9 
diagnosis codes) 

HCV infection Laboratory test results HCV negative: negative HCV antibody test 
result(s) only 
Chronic HCV: positive HCV RNA test 
HCV exposure: positive HCV antibody test, but 
negative or unknown HCV RNA test 
Never tested in the VA: no HCV laboratory test 
results available from the VA (it is possible that 
some of these patients were tested for HCV 
outside the VA) 

8% 25% Poisson regression: multiple 
imputation (unknowns are HCV 
lab results considered as “never 
tested in the VA”) 
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Diabetes Validated algorithm 
combining laboratory 
test results (blood 
glucose level), ICD-9 
code diagnoses, and 
pharmacy data 
(prescription for oral 
anti-hyperglycemic 
agent or insulin) (39) 

1.   Glucose (outpatient only) > 200 mg/dl on 
two separate occasions (any duration apart) 
2.   ICD-9 code (two outpatient OR one 
inpatient): 

• 250: Diabetes mellitus 
• 357.2: Polyneuropathy in diabetes  

PLUS outpatient treatment with an oral 
hypoglycemic or insulin for > 30 days 
3.   ICD-9 codes (two outpatient OR one 
inpatient): 

• 250: Diabetes mellitus 
• 357.2: Polyneuropathy in diabetes  

PLUS glucose (outpatient) > 126 mg/dl on two 
separate occasions 
4.   Glucose(outpatient) > 200 mg/dl on one 
occasion PLUS outpatient treatment with an oral 
hypoglycemic or insulin for > 30 days 
5.    Hemoglobin A1c (inpatient or outpatient) ≥ 
6.5% on two separate occasions (any duration 
apart) 
6.    Hemoglobin A1c (inpatient or outpatient) ≥ 
6.5% on one occasion PLUS outpatient 
treatment with an oral hypoglycemic or insulin 
for > 30 days 

0% 0% No unknowns due to nature of 
measurement (diagnosis 
required presence of ICD-9 
diagnosis codes, laboratory 
results, and/or pharmacy 
records) 

HCV = hepatitis C virus; ICD-9 = International Classification of Diseases, 9th edition 
*Our measure of alcohol abuse/dependence was based on ICD-9 codes, which are not as accurate as using the Alcohol Use Disorders 
Identification Test (AUDIT-C). Unfortunately, the AUDIT-C data for the VACS was not available until the later years of this investigation.  
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Multiple Imputation Analysis Methods 
 We used multiple imputation to impute values for patients with unknown race, hepatitis C virus 
(HCV) infection, or smoking status to avoid biased estimates in our Poisson regression model incidence 
rate ratios (RRs). We used SAS 9.4 PROC MI to examine patterns of missing data and PROC LOGISTIC to 
review predictors of missingness. Using PROC MI, we tested multiple predictors and ultimately used the 
following variables to impute the five datasets for analysis: baseline HIV RNA, baseline CD4 cell count, 
baseline CD4:CD8 ratio, nadir CD4, VACS enrollment year, history of alcohol abuse/dependence, 
diabetes, hepatitis B virus (HBV), number of VA visits per year, chronic liver disease, birth year, injection 
and non-injection drug use, and cancer outcomes (AIDS-defining, virus-related non-AIDS-defining, and 
non-virus-related non-AIDS-defining cancers). We checked the distributions of the imputed values and 
ran simulations across 25 imputed datasets to assess the accuracy of predictions among known values. 
Finally, we used PROC MIANALYZE to calculate the pooled estimates from the PROC GENMOD Poisson 
regression model output to obtain the adjusted RRs and P value for HIV+ IR viral suppression trend. 
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Sensitivity Analyses Methods 
In addition to the primary analyses, we also conducted sensitivity analyses exploring results for 

different viral suppression thresholds, different lengths for early-suppressed time, whether there was a 
significant interaction between calendar period and viral suppression, and adjustment for: nadir CD4, 
baseline CD4:CD8 ratio, and time-updated CD4 count.  

To test the effects of using different viral suppression thresholds, we restricted to calendar years 
2003-2015 and compared adjusted RR and Ptrend results using a threshold of 500 versus 50 copies/mL. 
We conducted three separate analyses where unknowns were classified as: 1) <50 copies/mL (and 
therefore suppressed); 2) ≥50 copies/mL (and therefore unsuppressed); 3) Unknown (resulting in an 
increased amount of unknown observation time) (Supplement Figure 2).  

To test the effects of using different early-suppressed/long-term-suppressed cut-points, we 
compared cut-points of one year versus two years (as defined in the original analysis) (Supplement 
Figure 3).  

We explored whether there was a multiplicative interaction between calendar period and viral 
suppression status in Poisson regression models. In these models, we parameterized both calendar 
period and viral suppression status as single ordinal variables. To determine whether there was a 
significant interaction, we included single main effect terms for ordinal calendar period and ordinal HIV 
viral suppression status, as well as a term for multiplicative interaction (ordinal calendar period*ordinal 
viral suppression status) in a model restricted to HIV+ persons, using the entire follow-up period (1999-
2015), to obtain a P value for the interaction term (Supplement Table 3). To calculate calendar-period-
specific HIV+ IR viral suppression trends (per unit increase in viral suppression status) and P trends, we 
used calendar-period-specific models that included HIV+ and uninfected persons (Supplement Table 4). 

We examined baseline nadir CD4 count and baseline CD4:CD8 ratio as potential confounders by 
stratifying by each covariate in a Poisson regression model (Supplement Figures 4 and 5). We also 
examined models stratified by time-updated CD4 count (lagged by 180 days to guard against reverse 
causality), using midpoint estimation to estimate CD4 counts between CD4 count laboratory test results 
(Supplement Figure 6). 
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Supplement Figure 2. Numbers of cancer cases, IRs (per 100,000 person-years), and multivariate 
Poisson regression RRs* with 95% CI by HIV viral suppression status, and P values for HIV+ IR viral 
suppression trend, for cancer groups,† comparing viral suppression thresholds of 50 and 500 
copies/mL in 2003-2015 
 
ADC = AIDS-defining cancer; IR = age-, sex-, race/ethnicity-, and calendar-period-standardized incidence 
rate; non-virus-NADC = non-virus-related non-AIDS-defining cancer; RR = adjusted incidence rate ratio; 
virus-NADC = virus-related non-AIDS-defining cancer; 95% CI = 95% confidence interval. 
*Adjusted for time-updated age, sex, race/ethnicity, time-updated calendar period, smoking, alcohol 
abuse/dependence, hepatitis C virus infection, and diabetes. 
†The endpoint for a given subject was the first diagnosis of a cancer type classified in the group. 
‡HIV RNA results > 50 copies/mL but less than the limit of detection > 50 copies/mL were considered 
suppressed. 
§HIV RNA results > 50 copies/mL but less than the limit of detection > 50 copies/mL were considered 
unsuppressed. 
||HIV RNA results > 50 copies/mL but less than the limit of detection > 50 copies/mL were considered 
unknown. 
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Supplement Figure 3. Numbers of cancer cases, IRs (per 100,000 person-years), and Poisson regression 
RRs* with 95% CI by HIV viral suppression status, and P values for HIV+ IR viral suppression trend, for 
cancer groups,† comparing early-suppressed/long-term-suppressed cut-points of one versus two 
years     
     
ADC = AIDS-defining cancer; IR = age-, sex-, race/ethnicity-, and calendar-period-standardized incidence 
rate; non-virus-NADC = non-virus-related non-AIDS-defining cancer; RR = adjusted incidence rate ratio; 
virus-NADC = virus-related non-AIDS-defining cancer; 95% CI = 95% confidence interval. 
*Adjusted for time-updated age, sex, race/ethnicity, time-updated calendar period, smoking, alcohol 
abuse/dependence, hepatitis C virus infection, and diabetes. 
†The endpoint for a given subject was the first diagnosis of a cancer type classified in the group. 
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Supplement Table 3. Calendar period-viral suppression trend P values for interaction in multivariate 
Poisson models restricted to HIV+ persons,* for cancer groups† 
Cancer group† P value for calendar period-viral 

suppression interaction 
All cancer 0.045 
ADC 0.013 
Virus-NADC 0.145 
Non-virus-NADC 0.119 
 
ADC = AIDS-defining cancer; non-virus-NADC = non-virus-related non-AIDS-defining cancer; virus-NADC = 
virus-related non-AIDS-defining cancer. 
*Adjusted for time-updated age, sex, race/ethnicity, time-updated calendar period, smoking, alcohol 
abuse/dependence, hepatitis C virus infection, and diabetes. 
†The endpoint for a given subject was the first diagnosis of a cancer type classified in the group.  
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Supplement Table 4. Multivariate Poisson regression HIV+ IR viral suppression trends* (per unit 
increase in viral suppression status) and P values for trend, for cancer groups,† stratified by calendar 
period   
  1999-2003 2004-2007 2008-2011 2012-2015 
All cancer IR trend 0.87 0.78 0.84 0.84 
 P trend 0.003 <0.001 <0.001 <0.001 
ADC IR trend 0.47 0.31 0.35 0.29 
 P trend <0.001 <0.001 <0.001 <0.001 
Virus-NADC IR trend 0.95 0.94 0.93 0.98 
 P trend 0.66 0.49 0.36 0.87 
Non-virus-NADC IR trend 1.03 0.96 0.98 0.96 

 P trend 0.61 0.49 0.75 0.44 
 
ADC = AIDS-defining cancer; IR = incidence rate; non-virus-NADC = non-virus-related non-AIDS-defining 
cancer; virus-NADC = virus-related non-AIDS-defining cancer 
*Adjusted for time-updated age, sex, race/ethnicity, time-updated calendar period, smoking, alcohol 
abuse/dependence, hepatitis C virus infection, and diabetes. 
†The endpoint for a given subject was the first diagnosis of a cancer type classified in the group. 
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Supplement Figure 4. Multivariate Poisson regression* RRs with 95% CI and P values for HIV+ IR viral 
suppression trend stratified by nadir CD4 count, for cancer groups† 
 
ADC = AIDS-defining cancer; non-virus NADC = non-virus-related non-AIDS-defining cancer; RR = 
adjusted incidence rate ratio; virus-NADC = virus-related non-AIDS-defining cancer; 95% CI = 95% 
confidence interval. 
*Adjusted for time-updated age, sex, race/ethnicity, time-updated calendar period, smoking, alcohol 
abuse/dependence, hepatitis C virus infection, and diabetes. 
†The endpoint for a given subject was the first diagnosis of a cancer type classified in the group. 
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Supplement Figure 5. Multivariate Poisson regression RRs* with 95% CI and P values for HIV+ IR viral 
suppression trend stratified by baseline CD4:CD8 ratio, for cancer groups† 
 
ADC = AIDS-defining cancer; non-virus NADC = non-virus-related non-AIDS-defining cancer; RR = 
adjusted incidence rate ratio; virus-NADC = virus-related non-AIDS-defining cancer; 95% CI = 95% 
confidence interval. 
*Adjusted for time-updated age, sex, race/ethnicity, time-updated calendar period, smoking, alcohol 
abuse/dependence, hepatitis C virus infection, and diabetes. 
†The endpoint for a given subject was the first diagnosis of a cancer type classified in the group.  
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Supplement Figure 6. Multivariate Poisson regression RRs* with 95% CI and P values for HIV+ IR viral 
suppression trend stratified by time-updated CD4 count† lagged by 180 days, for cancer groups‡ 
 
ADC = AIDS-defining cancer; non-virus NADC = non-virus-related non-AIDS-defining cancer; RR = 
adjusted incidence rate ratio; virus-NADC = virus-related non-AIDS-defining cancer; 95% CI = 95% 
confidence interval. 
*Adjusted for time-updated age, sex, race/ethnicity, time-updated calendar period, smoking, alcohol 
abuse/dependence, hepatitis C virus infection, and diabetes. 
†We used the midpoint method to estimate CD4 counts between CD4 count laboratory test results. 
‡The endpoint for a given subject was the first diagnosis of a cancer type classified in the group. 
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PART 3. Literature review 
 
Supplement Table 5. Literature review of ART strategy RCTs and observational studies that examined 
viral suppression and cancer risk 
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Supplement Table 5. Literature review of ART strategy RCTs and observational studies that examined viral suppression and cancer risk 
RCTs that examined ART strategy 
Study name (years) RCT arms Primary endpoint Sample size # cancer outcomes 
Strategies for 
Management of 
Antiretroviral Therapy 
(SMART) (22) 
(2002-2006) 

Episodic versus continuous ART: 
• drug conservation arm (ART stopped if 

CD4 >350 cells/ μL, (re)started if CD4 fell 
to <250 cells/ μL)  

• viral suppression arm (continuous ART) 

Composite endpoint: 
opportunistic disease 
(including ADC) or death 
from any cause 

5,472 71 cancers  
3 non-Hodgkin 
lymphoma 
8 Kaposi sarcoma 
2 Hodgkin lymphoma 
58 NADC 

Strategic Timing of 
Antiretroviral 
Treatment (START) 
(23, 40) 
(2009-2015) 

Immediate versus deferred ART: 
• immediate ART initiation (when CD4 cell 

count > 500 cells/ μL) 
• deferred ART initiation (deferred until 

CD5 count decreased to 350 cells/ μL or 
development of AIDS) 

Composite endpoint: any 
serious AIDS-related event 
(including ADC), serious 
non-AIDS-related event 
(including NADC), death 
from any cause 

4,685 52 cancers 
1 cervical cancer 
11 non-Hodgkin 
lymphoma 
12 Kaposi sarcoma 
2 Hodgkin lymphoma 
27 NADC  

Observational studies that examined viral suppression and cancer 

Study name 
(years) Measure of viral suppression Primary endpoint Sample size 

# cancer outcomes in 
viral suppression 
analysis 

Agence Nationale de 
Recherche sur le Sida 
(ANRS) CO3 (24) 
(1998-2006) 

• Cumulative exposure measured by 
duration of observation time with HIV 
RNA > 500 copies/mL (per 1 year) 

Any cancer (“Any 
malignancy”) 

4,194 107 ADC 
144 NADC 

Johns Hopkins 
Hospital Moore Clinic 
(25) 
(1989-2006) 

• Total number of prior years with HIV viral 
load ≥ 5.00 log10 copies/ml (0, 0.1-0.4, 
0.5-1.4, >1.5 years) 

 

Non-Hodgkin lymphoma 3,025 65 non-Hodgkin 
lymphoma 

Clinical Surveillance 
of HIV Disease 
(ClinSurv) (26) 
(1999-2006) 

• % viral load measurements where HIV 
RNA >500 copies/mL (<25%, 25–50%, 51–
75%, or >75%)  

• Cumulative viremia as the time-updated 
area under the curve of the log viral load 
(per 2000 days) 

Non-Hodgkin lymphoma  6,022 99 non-Hodgkin 
lymphoma 
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North American AIDS 
Cohort Collaboration 
on Research and 
Design (NA-ACCORD) 
(27) 
(1996-2009) 

• % of time where HIV RNA >500 
copies/mL 

• Time-weighted mean 

Kaposi sarcoma 77,696 396 Kaposi sarcoma 

Veterans Affairs 
Immunologic Case 
Registry (VA-ICR) (28) 
(1985-2009) 

• % of time with undetectable HIV viral 
load < 500 copies/mL (≤20%, 21-40%, 41-
60%, 61-80%, 81-100%) 

Anal cancer  27,304 302 anal cancers 

French Hospital 
Database on HIV 
(FHDH-ANRS CO4) 
(29) 
(1998-2006) 

• Cumulative time where HIV RNA > 5 
log10 (100,000) copies per mL (per 1 
year) 

ADC (Kaposi sarcoma, 
non-Hodgkin lymphoma, 
cervical) and NADC 
(Hodgkin lymphoma, lung, 
liver, anal cancers) 

52,278 69 cervical cancers 
511 non-Hodgkin 
lymphoma 
565 Kaposi Sarcoma 
74 anal cancers 
119 liver cancers 
149 Hodgkin lymphoma 
207 lung cancers 

Veterans Affairs HIV 
Clinical Case Registry 
(VA-CCR) (30) 
(1985-2010) 

• Cumulative % undetectable HIV RNA < 500 
copies/mL (<20%, 20-39%, 40-59%, 60-
79%, ≥80%) 

• HIV copy-years viremia (area-under-the-
curve estimate, per 1 year) 

Virally-associated NADC 
(liver cancer, Hodgkin 
lymphoma, anal cancer) 

31,579 383 liver cancers 
211 Hodgkin lymphoma  
373 anal cancers 

Veterans Affairs HIV 
Clinical Case Registry 
(VA-CCR) (31) 
(1985-2010) 

• Cumulative % undetectable HIV RNA < 
500 copies/mL (<40%, 40-80%, >80%) 

Liver cancer 8,563 244 liver cancers 

Veterans Aging 
Cohort Study (VACS) 
(1999-2012) 
*present study 

• Long-term viral suppression: observation 
time where HIV RNA remained 
suppressed (< 500 copies/mL) after an 
initial 2 years suppressed 

All cancer 42,441 HIV+ 
 

104,712 
uninfected 

4,169 cancers among 
HIV+ 
7,879 cancers among 
uninfected 

 
ADC = AIDS-defining cancer; ART = antiretroviral therapy; NADC = non-AIDS-defining cancer; RCT = randomized controlled trial  
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