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Abstract

Objectives: The aim of this study was to assess the impact of hepatitis B virus
(HBV) infection on non-liver malignancies in people living with HIV (PLWH).
Methods: All persons aged > 18 years with known hepatitis B virus (HBV) sur-
face antigen (HBsAg) status after the latest of 1 January 2001 and enrolment in
the EuroSIDA cohort (baseline) were included in the study; persons were catego-
rized as HBV positive or negative using the latest HBsAg test and followed to their
first diagnosis of nonliver malignancy or their last visit.

Results: Of 17 485 PLWH included in the study, 1269 (7.2%) were HBV positive
at baseline. During 151 766 person-years of follow-up (PYFU), there were 1298
nonliver malignancies, 1199 in those currently HBV negative [incidence rate
(IR) 8.42/1000 PYFU; 95% confidence interval (CI) 7.94-8.90/1000 PYFU] and
99 in those HBV positive (IR 10.54/1000 PYFU; 95% CI 8.47-12.62/1000 PYFU).
After adjustment for baseline confounders, there was a significantly increased in-
cidence of nonliver malignancies in HBV-positive versus HBV-negative individu-
als [adjusted incidence rate ratio (aIRR) 1.23; 95% CI 1.00-1.51]. Compared to
HBV-negative individuals, HBsAg-positive/HBV-DNA-positive individuals had
significantly increased incidences of nonliver malignancies (aIRR 1.37; 95% CI
1.00-1.89) and NHL (aIRR 2.57; 95% CI 1.16-5.68). There was no significant as-
sociation between HBV and lung or anal cancer.

Conclusions: We found increased rates of nonliver malignancies in HBsAg-
positive participants, the increases being most pronounced in those who were
HBV DNA positive and for NHL. If confirmed, these results may have implica-
tions for increased cancer screening in HIV-positive subjects with chronic HBV

infection.
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INTRODUCTION

Hepatitis B virus (HBV) infection is common in persons
living with HIV (PLWH); approximately 5-20% of PLWH
also have HBV infection, with large differences according
to region and underlying risk factors [1,2]. Advances in
treatment for both HIV and HBV have reduced morbid-
ity and mortality, but rates remain higher in coinfected
persons [3-5]. The contribution of malignancies to mor-
bidity and mortality in PLWH has increased since the
widespread introduction of antiretroviral therapy (ART)
[6,7], possibly attributable to increased life expectancy
and aging [8]. The risk of hepatocellular carcinoma
(HCC) is increased in HIV/HBV-coinfected persons with
cirrhosis [9-11], although the risk is decreased among
those treated with tenofovir disoproxil fumarate (TDF)

[12]. In persons without HIV infection, an association
between HBV infection and nonliver cancers has been
demonstrated, including Hodgkin’s lymphoma, oral can-
cer and cancer of the pancreas, ovaries, biliary duct and
kidney [13-17], although most studies have been carried
out in non-European populations. Further, meta-analyses
among persons without HIV infection have suggested an
increased rate of non-Hodgkin’s lymphoma (NHL) in
HBV infection [18], although data among PLWH have
been inconsistent [19,20]. The reasons for a potential
association between HBV infection, HIV infection and
NHL remain unclear but could include chronic ongoing
inflammation, B-cell proliferation and the presence of
HBV DNA in lymph nodes and NHL tissue [21]. A recent
meta-analysis showed that the prevalence of HBV infec-
tion was significantly increased among PLWH developing
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cancer [22], with a report of an association between HBV
infection and anal cancer and anal squamous intraepi-
thelial lesions [23,24].

Studies in PLWH investigating the association be-
tween nonliver malignancies and HBV are limited, and
typically include small numbers and are underpowered
to investigate the association in detail. Furthermore,
previous studies lacked information on HBV viraemia
or had important confounding variables. The aims of
this study were to investigate the association between
HBV and all fatal and nonfatal nonliver malignancies
in PLWH and to determine the association between an-
tiretrovirals used to treat HIV and HBV infection and
nonliver malignancies.

METHODS
The EuroSIDA study

Persons were included from the EuroSIDA study, a
large, prospective, observational cohort of almost 23 000
HIV-1-positive patients followed in 100 hospitals in
35 European countries plus Israel and Argentina [25].
Individuals were enrolled in ten cohorts from 1994 on-
ward. At recruitment, in addition to demographic and
clinical data, a complete ART history was obtained to-
gether with the most recent CD4 cell counts and HIV
RNA measurements, as well as all HBV surface antigen
(HBsAg) and HBV DNA test results. Data, including
clinical data, are collected prospectively at clinical sites
and sent to the coordinating centre at yearly intervals.
At each follow-up visit, all CD4 cell counts, and HBsAg
results measured since last follow-up are collected, to-
gether with start and stop dates for antiretroviral drugs.
Further information on data collected in EuroSIDA
can be found at http://www.chip.dk/Ongoing-Studies/
EuroSIDA/About.

Patient consent statement

Patient informed consent was obtained according
to local and/or national ethics committee require-
ments, and was obtained from each participant be-
fore any study-related procedure was performed and
in accordance with the International Conference
on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH)-
Good Clinical Practice Guidelines. Further informa-
tion is available at https://www.chip.dk/Portals/0/files/
Eurosida/EuroSIDA/EuroSIDA_Protocol_v4_2019]J
ULIOS5.pdf?ver=2019-10-02-145631-730.

Statistical methods

All PLWH in EuroSIDA aged > 18 years at baseline with
a CD4 count and viral load before or up to 6 months after
baseline with known HBV status were included. Persons
were defined as HBV positive at baseline if they were posi-
tive for HBsAg at or before baseline. HBV status was up-
dated during follow-up using the last test result carried
forward (negative or positive). Baseline was defined as the
latest of enrolment to EuroSIDA, known HBsAg status or
1 January 2001, when prospective collection of malignan-
cies in EuroSIDA began.

Baseline characteristics of participants were summa-
rized using simple summary statistics comparing those
who were HBV positive with those who were HBV nega-
tive at baseline. Persons with HCC prior to baseline were
excluded. Persons with nonliver malignancies at baseline
were included and followed to the first unique nonliver
malignancy, including both fatal and nonfatal malignan-
cies. Recurrent cancers of the same type were not included
as events; for example, an individual with lung cancer at
baseline would be eligible for inclusion and could develop
prostate cancer during follow-up, but a new diagnosis of
lung cancer would not be classified as an event. Metastatic
events and basal cell carcinoma were not included as
events. Persons were followed to the earliest of last visit or
first nonliver malignant event. The incidence of nonliver
malignancies was calculated according to current HBV
status; Poisson regression was used to investigate factors
associated with the development of any nonliver malig-
nancy and the three most common nonliver malignancies
(anal cancer, NHL and lung cancer), all of which occurred
in > 100 participants. A priori we included HBV status as
a time-updated variable.

We investigated a wide range of demographic, clin-
ical and laboratory confounders, including age, region
of Europe [25], gender, baseline date, HIV exposure
group, CD4 count, HIV viral load, body mass index
(BMI), smoking status, coinfection with hepatitis C
virus (HCV) (including both antibody and HCV RNA
data where available) and liver fibrosis, both defined
in earlier studies [26]. Comorbidities such as diabetes,
hypertension, cardiovascular disease (CVD) and non-
AIDS-defining malignancies (NADM; excluding liver
cancer) were included as potential confounding vari-
ables [27]. Different models were constructed, including
all variables listed above (except HBsAg status) as fixed
at baseline, and where all variables (excluding NADM,
which was part of the endpoint) were allowed to vary
over time. Categorical variables included missing data
as a missing category. Where models used updated vari-
ables, data were included if available during follow-up,
reducing the amount of missing data. Use of anti-HBV
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drugs was considered in three groups and updated over
time. As a consequence of correlation with use of an-
tiretrovirals, we did not additionally adjust for use of
ART. We calculated the percentage of follow-up time
since baseline during which individuals were treated
with tenofovir disoproxil fumarate (TDF) or tenofovir
alafenamide (TAF) + emtricitabine or lamivudine (re-
ferred to as XTC). A priori we tested for an interaction
between anti-HBV treatment and HBV status and the
development of nonliver malignancies. These stratified
models were adjusted for age, HIV viral load, CD4, base-
line date, smoking status and liver fibrosis. In the subset
of HBV-positive individuals with measured HBV DNA,
we investigated the role of plasma HBV DNA (posi-
tive or negative) using similar methodology as for the
main analyses, compared to individuals who were HBV
negative.

All analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC).

RESULTS

Of 23 005 persons enrolled in EuroSIDA, 18 524 persons
had known HBsAg status and prospective follow-up after
1 January 2001. Of these, 17 485 persons had a baseline
CD4 count and HIV viral load, were aged > 18 years and
had not been previously diagnosed with HCC. Compared
with the 17 485 included in the study, the 1039 excluded
were younger and were more likely to be men who have
sex with men (MSM), from Central and Northern Europe
compared to Southern Europe and to have a later study
baseline. Those excluded were more likely to be from
East Central or Eastern Europe, to be HCV antibody posi-
tive, and to be ART naive. The median time between CD4
count and baseline was 0.6 months [interquartile range
(IQR) 0-2.6 months], with 96% of CD4 counts being
within 12 months of baseline. The characteristics of the
patients included stratified by baseline HBsAg status are
shown in Table 1. At baseline, 1269 (7.2%) were HBV posi-
tive with a median age of 41 years (IQR 35-49 years) and a
median CD4 count of 440 cells/uL (IQR 284-634 cells/uL).
The median follow-up was 7.4 years (IQR 4.2-13.5 years).

As illustrated in Figure 1, there was an increase over
time in exposure to HBV-active ART regimens over time
in those with and without HBV infection, which was most
marked in those who were HBV positive. A higher per-
centage of follow-up among those who were HBV-positive
included treatment with regimens with TDF/TAF + XTC
compared to HBV-negative subjects. For example, in 2002,
63.3% of follow-up in those who were HBV-negative in-
cluded TDF/TAF or XTC, compared to 68.5% in those
who were HBV positive. These differences persisted over

follow-up, and by 2019, 87.2% and 91.3% of the follow-up
of those who were HBV negative and positive, respectively,
included TDF/TAF or XTC-containing regimens.

A total of 1298 persons developed 1360 nonliver ma-
lignancy events during 151 766 person-years of follow-up
(PYFU) [incidence rate (IR) 8.55/1000 PYFU; 95% confi-
dence interval (CI) 8.09-9.92/1000 PYFU]. Figure 2 shows
the numbers and crude incidence rates of nonliver malig-
nancies overall and stratified by HBV status prior to the
malignancy. In those who were HBV positive, the crude in-
cidence of any nonliver malignancy was 10.54/1000 PYFU
(95% CI 8.46-12.62/1000 PYFU), compared to 8.42/1000
PYFU (95% CI 7.94-8.90/1000 PYFU) in those who were
HBV negative. Among those with known malignancy
type, anal cancer (188 events), lung cancer (147 events)
and NHL (131 events) were the most commonly occurring
nonliver malignancies. Figure 2 also shows the number
and crude incidence rate of each of the nonliver malig-
nancies occurring in > 50 persons, stratified by current
HBV status. In those with a nonliver malignancy, there
were no differences in the distribution of malignancy
types between those who were HBV positive and negative
at the date of the event (P = 0.12). The crude incidences of
bladder, breast and lung cancers were lower in those who
were currently HBV positive compared to those who were
HBV negative, while the incidences of all other nonliver
malignancies were similar or higher in those who were
currently HBV positive. Results were consistent when ex-
cluding those with chronic hepatitis C.

Table 2 summarizes the rates of nonliver malignan-
cies, univariable and multivariable incidence rate ratios
(IRRs) overall and stratified by current HBV status, and
the proportion of follow-up time spent on different active
HBV regimens. In univariable analyses, those currently
HBV positive had a 25% increased incidence of nonliver
malignancies (IRR 1.25; 95% CI 1.02-1.54). The increased
incidence remained significant after adjustment for base-
line, age, CD4 count, HIV viral load, fibrosis and smok-
ing status at baseline [adjusted IRR (aIRR) 1.23; 95% CI
1.00-1.51; Figure 3a]. Among those with zero percentage
of their follow-up on TDF/TAF + XTC, the crude rates
of nonliver malignancies were higher in those who were
currently HBV positive versus those who were HBV neg-
ative (IR 11.33 vs 7.35/1000 PYFU, respectively), a 54%
increased incidence before adjustment (IRR 1.54; 95% CI
1.12-2.12). The results were similar after adjustment, with
a significantly increased incidence of nonliver malignan-
cies in those with HBV compared to those with no expo-
sure to TDF/TAF + XTC (aIRR 1.45; 95% CI 1.04-2.01),
and no association between HBV status and nonliver ma-
lignancies in those with > 50% of follow-up time includ-
ing treatment with TDF/TAF + XTC (aIRR 0.95; 95% CI
0.59-1.53; Table 2; P = 0.21 in test for interaction). All the
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TABLE 1 Characteristics at baseline

All
Gender
Male
Female
HIV risk
MSM
IDU
Heterosexual
Other
Ethnic
White
Origin
Other
Region
South
Central
North
Central East
East
Argentina
HCV status
Negative
Positive
Unknown
Ever cART
No
Yes
HIV VL
< 500 copies/mL
> 500 copies/mL
Comorbidities
AIDS
ADM
NADM
CVD
ESLD
CKD*
DM
HTN
Smoking status
Never
Current

Previous

All
n %
17 485 100.0
12 884 73.7
4601 26.3
6510 37.2
4786 27.4
5023 28.7
1166 6.7
15 004 85.8
2481 14.2
4226 24.2
4601 26.3
3509 20.1
2260 12.9
2305 13.2
584 3.3
9473 54.2
6893 394
1119 6.4
2723 15.6
14 762 84.4
11959 68.4
5526 31.6
4609 26.4
840 4.8
375 2.1
401 2.3
189 1.1
201 1.1
761 4.4
3950 22.6
4665 26.7
9148 52.3
1718 9.8

HBYV negative
n %o
16 216 92.7
11 817 72.9
4399 27.1
5961 36.8
4410 27.2
4784 29.5
1061 6.5
13 956 86.1
2260 13.9
3950 24.4
4223 26.0
3235 19.9
2106 13.0
2157 13.3
545 3.4
8815 54.4
6397 39.4
1004 6.2
2579 15.9
13 637 84.1
11 070 68.3
5146 31.7
4226 26.1
763 4.7
336 2.1
374 253
148 0.9
189 1.2
718 4.4
3673 22.7
4356 26.9
8448 52.1
1584 9.8

HBV positive
n %
1269 7.3
1067 84.1
202 15.9
549 43.3
376 29.6
239 18.8
105 8.3
1048 82.6
221 17.4
276 21.7
378 29.8
274 21.6
154 12.1
148 11.7
39 3.1
658 51.9
496 39.1
115 9.1
144 11.3
1125 88.7
889 70.1
380 29.9
383 30.2
77 6.1
39 3.1
27 2.1
41 3.2
12 0.9
43 3.4
277 21.8
309 24.3
700 55.2
134 10.6
(Continues)
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TABLE 1 (Continued)
All HBYV negative HBV positive
n %o n %o n %o
Unknown 1954 11.2 1828 11.3 126 9.9
Liver fibrosis
F0/1 7498 42.9 6788 41.9 710 55.9
F2 531 3.0 484 3.0 47 3.7
F3 268 1.5 245 1.5 23 1.8
F4 601 3.4 518 3.2 83 6.5
Unknown 8587 49.1 8181 50.5 406 32.0
BMI
<18 670 3.8 623 3.8 47 3.7
18-25 8468 48.4 7762 47.9 706 55.6
25-30 3064 17.5 2846 17.6 218 17.2
> 30 623 3.6 580 3.6 43 3.4
Unknown 4660 26.7 4405 27.2 255 20.1
Median IQR Median IQR Median IQR
Age (years) 41 35-49 41 35-49 41 35-48
CD4 count 440 284-634 442 288-638 399 251-576
(cells/uL)
Nadir CD4 179 75-290 180 77-293 148 55-251
count (cells/
L)
Baseline 03/06 01/01-08/12 04/06 01/01-09/12 09/05 12/03-04/12
(month/
year)

Baseline was defined as the latest of enrolment to EuroSIDA, known hepatitis B virus surface antigen (HBsAg) status and 1 January 2001.

ADM, AIDS-defining malignancy; BMI, body mass index; cCART, combination antiretroviral therapy; CKD, chronic kidney disease, defined as confirmed (over
3 months) estimated glomerular filtration rate (¢eGFR) < 60 mL/min/1.73 m? where baseline eGFR > 60 mL/min/1.73 m?, or a confirmed 25% decline where
baseline eGFR < 60 mL/min/1.73 m?, using the Chronic Kidney Disease Epidemiology Collaboration equation; CVD, cardiovascular disease; DM, diabetes
mellitus; ESLD, end-stage liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; HTN, hypertension; IDU, injecting drug use; IQR, interquartile range;
MSM, men who have sex with men; NADM, non-AIDS-defining malignancy; VL, viral load.

ACKD status could be calculated for 15 568 individuals at baseline; 14 471 HBsAg negative and 1097 HBsAg positive. Information on aspartate transaminase
(AST) and platelet counts was used to calculate the AST to platelet ratio index (APRI). Hyaluronic acid was available for a small subset. The most recent
fibrosis marker measured prior to baseline was used to define fibrosis stage and where more than one marker was measured priority was given to biopsy,

Fibroscan, APRI followed by hyaluronic acid [26].

results shown in Table 2 were similar when using current
values for factors that changed over time or when exclud-
ing persons with any malignancy at baseline. There was
no interaction between HIV viral load and current HBV
status (P = 0.72), indicating that the increased rate seen
in those currently HBV positive was similar regardless of
HIV viral load suppression.

We investigated further the role of HBV DNA in per-
sons with this measured; the results are also shown in
Table 2 and Figure 3b. Among 931 persons currently HBV
positive with HBV DNA measured at least once, there
were 29 nonliver malignancies in those currently HBV
DNA negative (IR 8.89/1000 PYFU; 95% CI 5.65-12.13)
and 40 events in those currently HBV DNA positive (IR

12.16; 95% CI 8.39-15.93). The distributions of individual
nonliver malignancies were similar to those seen overall,
with no differences according to HBV status or whether
HBV DNA was positive or negative (P = 0.17), although it
isworth noting the smaller number of events in those with
HBV DNA data (69 of 99 events in HBV-positive individ-
uals; 69.7%). After adjustment for baseline values of age,
HIV viral load, CD4 count, baseline date, smoking status
and liver fibrosis, those who were HBV DNA positive had
an increased incidence of nonliver malignancies (aIRR
1.37;95% CI 1.00-1.89; P = 0.050) compared to those who
were HBVnegative (Figure 3b). There was no significant
difference between those who were HBV DNA negative
and HBV negative (aIRR 1.09; 95% CI 0.75-1.08; P = 0.66).
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FIGURE 2 Crude incidence of non-liver malignancies during follow-up. ADM, AIDS-defining malignancy; NADM, non-AIDS-defining

malignancy; AC, anal cancer; BC, bladder cancer; BRC, breast cancer; HDL, Hodgkin’s lymphoma; HENE, head and neck cancer; KS,

Kaposi’s sarcoma; NHL, non-Hodgkin’s lymphoma; NS, not specified; PC, prostate cancer; Other, all other cancers diagnosed in < 50

participants

Anal cancer (188 events), lung cancer (147 events)
and NHL (131 events) were the three most common
individual events. Figure 3a shows the univariate and
multivariate IRR of each of these nonliver malignan-
cies in those who were currently HBV positive versus
those who were HBV negative. After adjustment, there
was a nonsignificant increased incidence of anal cancer
in those who were currently HBV positive (aIRR 1.52;

95% CI 0.95-2.43; P = 0.082). This finding was weaker
in MSM (aIRR 1.23; 95% CI 0.72-2.10; P = 0.45) than
in other HIV exposure groups combined (aIRR 1.57;
95% CI 0.55-4.48; P = 0.40), albeit with limited events
in non-MSM (42 in total; four in those currently HBV
positive). There were no significant differences between
those who were currently HBV positive and HBV neg-
ative for NHL (aIRR 1.54; 95% CI 0.84-2.04, P = 0.16)
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Crude and adjusted incidence rate ratios of non-liver malignancies, anal cancer,
lung cancer and non-Hodgkins lymphoma (NHL) in persons currently HBV
(a) positive versus negative
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FIGURE 3 Crude and adjusted incidence rate ratios of non-liver malignancies, anal cancer, lung cancer and non-Hodgkins lymphoma

(NHL) in persons currently HBV positive versus negative. *Adjusted for baseline, age, CD4 count, HIV viral load, fibrosis and smoking status

at baseline. CI, confidence interval; NHL, non-Hodgkin’s lymphoma

or lung cancer (aIRR 0.68; 95% CI 0.30-1.55; P = 0.36).
There was no evidence that the association between cur-
rent HBV status and lung cancer differed according to
baseline smoking status (P = 0.71 in test for interaction).
In a further exploratory analysis, shown in Figure 3b, we
considered the role of HBV DNA in those with available
data. For anal cancer, those who were HBV DNA posi-
tive had higher rates of anal cancer compared to those
HBV-negative (aIRR 1.84; 95% CI 0.95-3.55, P=0.072).
The same was not seen for those HBV DNA negative
compared to HBV negative (aIRR 1.45;95% CI1 0.67-3.14,
P=0.35), although note that neither of these results were
statistically significant and had wide overlapping confi-
dence intervals. In contrast, those who were HBV DNA
negative did not (aIRR 1.23; 95% CI 0.38-3.95; P = 0.73),
although the wide CIs seen did not rule out a large
difference.

DISCUSSION

This European cohort study of over 17 000 PLWH and al-
most 150 000 PYFU in individuals with known HBV status
showed an association between current HBV infection, as
determined by HBsAg status, and development of nonliver
malignancies. Furthermore, after adjustment for a range
of confounding variables, PLWH with current HBV infec-
tion and a positive HBV DNA had higher rates of nonliver
malignancies and NHL compared to those with negative
HBV DNA or without current HBV infection.

We found that HBV-infected individuals had a 25% in-
crease in the incidence of nonliver malignancies compared
to HBV-uninfected individuals, and this finding was simi-
lar in those with and without HIV viral suppression. Data
from similar studies in PLWH are scarce. In a study inves-
tigating the prevalence of malignancy risk factors, Parks
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et al. reported a prevalence of HBV infection of 5% in those
with HIV/AIDS compared to 0.3% in the US adult popula-
tion, although this study did not directly address risk fac-
tors for development of malignancies [22]. In our study, the
increased incidence was mainly in those who were HBV
DNA positive, suggesting a role of replicating HBV in non-
liver malignancies [1]. We found a significant increase over
time in the percentage of persons treated with TDF/TAF
+ XTC in all included individuals, most marked in those
who were currently HBV positive, consistent with previous
findings from EuroSIDA [28]. During 2019, 50% of the fol-
low-up among those who were currently HBV negative in-
cluded treatment with TDF/TAF + XTC compared to 75%
for those who were currently positive, reflecting current
treatment guidelines recommending that all HIV/HBV-
coinfected persons be treated with TDF or TAF-based an-
tiretrovirals [29]. In 2019, < 10% of the follow-up of those
who were currently HBV positive was not on TDF, TAF or
XTC, and the reasons for individuals not using one of these
antiretrovirals were not clear. Further, these PLWH may
not have had clinically relevant levels of HBV DNA [30],
which we were unable to investigate further as the level of
HBV DNA was inconsistently reported.

In persons without HIV infection, the evidence of
a general association between chronic hepatitis B and
nonliver malignancies is contradictory. Andersen et al.
reported a nonsignificant 10% increased IR of all cancers
[31], but other studies have suggested a greater increase of
approximately 2-fold higher [17,32]. Differences between
the studies were probably attributable to differences in
study design, population and the proportion with repli-
cating HBV DNA, and whether HCC was included as the
study endpoint, given its known association with hepati-
tis B. Chronic HBV infection has been associated with in-
creased incidences of digestive system cancers (stomach,
colorectal, oral and pancreatic cancers) and lymphoma in
Chinese individuals [16,17]. Unfortunately, our study was
not powered to look at digestive cancers because of the
low number of events. Nonliver malignancies in PLWH
are likely to be driven by many competing factors, not only
traditional risk factors, but also, for example, viral coinfec-
tions, HIV-specific factors such as a direct oncogenic effect
of HIV-activated inflammation [33,34] and impaired im-
mune surveillance of pre-cancerous and cancerous cells
[35]. Previous EuroSIDA work demonstrated no associa-
tion between chronic hepatitis C and nonliver malignan-
cies [36], and the results presented here were consistent
when excluding those with chronic HCV coinfection.

Our study suggests there is an increased incidence as-
sociated with some non-liver malignancies, but not all.
We considered the three most common malignancies,
anal cancer, NHL and lung cancer, in our study. Previous
studies have found an association between HBV infection

and NHL in PLWH, and, while we found an increased
incidence, it was not significant in multivariate analyses.
In further exploratory analyses, there was a significantly
increased incidence after adjustment in those who were
HBV DNA positive compared to those who were HBV
negative, and no difference between those who were HBV
negative and HBV positive but without replicating HBV
DNA. While this analysis was underpowered, its findings
are consistent with those of studies showing HBV DNA
in NHL tissue in PLWH [21]. There are several suggested
mechanisms for an increase in those with HBV DNA, in-
cluding chronic stimulation of B cells [18], an immuno-
logical response to local antigens caused by HBV [37], or
HBV infection of endothelial cells being associated with
release of tumour growth factors which stimulate cell
proliferation [38]. We found no association between HBV
status and lung cancer, even after adjustment for smok-
ing status, and no evidence that the association between
smoking status and nonliver malignancies differed be-
tween those with and without HBV infection.

We also found an increased incidence of anal cancer
in our study; this finding was not statistically significant
and the estimate was somewhat lower than the three-fold
increased risk identified in the Multicenter AIDS Cohort
Study in PLWH [23,24]. The association was stronger in
the exploratory analysis among those who were HBV pos-
itive with replicating virus, suggesting a role of HBV and
HBV DNA as an oncogenic cofactor for development of
anal cancer in PLWH. Why this would occur in anal cancer
and not in other malignancy types is currently unknown,
but synergy with human papilloma virus (HPV) might be
involved, with interactions occurring between HPV, HBV
and high-grade squamous intraepithelial lesions being
one possible explanation [23]. Unfortunately, EuroSIDA
does not routinely collect data on HPV coinfection.

There are some limitations to our study to note.
EuroSIDA does not routinely collect information on al-
cohol use. We used the last HBsAg status carried forward
to determine HBV positivity; the frequency of HBsAg
testing reported to EuroSIDA varied over time and has
become more frequent in later calendar years. Other
methods such as determining chronic HBV status by
two consecutive HBsAg positive tests over a set period of
time would more precisely define chronic HBV coinfec-
tion. However, this definition would be difficult to im-
plement in EuroSIDA and would result in many PLWH
being excluded from analyses, and the results would not
be generalizable to the vast majority of individuals tested
for HBsAg. EuroSIDA does not routinely collect informa-
tion on Epstein-Barr virus, HPV or cytomegalovirus pos-
itivity, which may differ between those with and without
HBYV infection and which in turn may be associated with
nonliver malignancies. HBV DNA has not been routinely
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measured for all persons with HBV infection, and for
those who were positive, we have very limited informa-
tion on the level of viraemia, which was inconsistently
reported. It would be very relevant to investigate further
among those with HBV DNA whether the associations
were stronger in those with higher levels of HBV DNA.
We included persons with a prior malignancy to maximize
power; our results were consistent throughout if persons
with a prior malignancy were excluded. The strengths
of our study are the large sample size with extensive fol-
low-up, as well as data on HBV DNA in a proportion of
PLWH, and information on many confounding variables,
such as smoking status. Despite these strengths, unmea-
sured or unknown confounding cannot be ruled out.

To conclude, overall there was an increased incidence
of nonliver malignancies in those who were HBV posi-
tive, particularly among those with replicating HBV DNA.
Among the three most common cancers, there was an in-
creased incidence of NHL in those with replicating HBV
DNA. If confirmed, these results may have implications
regarding increased cancer screening in HIV-positive sub-
jects with chronic HBV infection.
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APPENDIX 1

EUROSIDA Study Group

The multicentre EuroSIDA study group is given below
(national coordinators in parentheses).

Albania: (A. Harxhi), University Hospital Center
of Tirana, Tirana. Argentina: (M. Losso), M. Kundro,
Hospital JM Ramos Mejia, Buenos Aires. Austria:
(B. Schmied), Klinik Penzing, Vienna; R. Zangerle,
Medical University Innsbruck, Innsbruck. Belarus:
(I. Karpov), A. Vassilenko, Belarusian State Medical
University, Minsk; V. M. Mitsura, Gomel State
Medical University, Gomel; D. Paduto, Regional AIDS
Centre, Svetlogorsk. Belgium: (N. Clumeck), S. De
Wit, M. Delforge, Saint-Pierre Hospital, Brussels; E.
Florence, Institute of Tropical Medicine, Antwerp; L.
Vandekerckhove, University Ziekenhuis Gent, Gent.
Bosnia-Herzegovina: (V. Hadziosmanovic), Klinicki
Centar Univerziteta Sarajevo, Sarajevo. Croatia: (J.
Begovac), University Hospital of Infectious Diseases,
Zagreb. Czech Republic: (L. Machala), D. lJilich,
Faculty Hospital Bulovka, Prague; D. Sedlacek, Charles
University Hospital, Plzen. Denmark: G. Kronborg, T.
Benfield, Hvidovre Hospital, Copenhagen; J. Gerstoft, T.
Katzenstein, Rigshospitalet, Copenhagen; C. Pedersen,
I. S.Johansen , Odense University Hospital, Odense;
L. Ostergaard, Skejby Hospital, Aarhus, L. Wiese, N.
F. Moller, Sjellands Universitetshospital, Roskilde; L.
N. Nielsen, Hillerod Hospital, Hillerod. Estonia: (K.
Zilmer), West-Tallinn Central Hospital, Tallinn;J. Smidt,
Nakkusosakond Siseklinik, Kohtla-Jdrve. Finland:
(I. Aho), Helsinki University Hospital, Helsinki.
France: (J.-P. Viard), Hé6tel-Dieu, Paris; K. Lacombe,
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Hospital Saint-Antoine, Paris; C. Pradier, E. Fontas,
Hopital de 1'Archet, Nice; C. Duvivier, Hopital Necker-
Enfants Malades, Paris. Germany: (J. Rockstroh),
Universitidts Klinik Bonn; G. Behrens, Medizinische
Hochschule Hannover; O. Degen, University Medical
Center Hamburg-Eppendorf, Infectious Diseases Unit,
Hamburg; C. Hoffmann, H. J. Stellbrink, IPM Study
Center, Hamburg; C. Stefan, JW Goethe University
Hospital, Frankfurt; J. Bogner, Medizinische Poliklinik,
Munich; G. Fitkenheuer, Universitdt Koln, Cologne.
Georgia: (N. Chkhartishvili) Infectious Diseases,
AIDS & Clinical Immunology Research Center, Thilisi.
Greece: (H. Sambatakou), Ippokration General
Hospital, Athens; G. Adamis, N. Paissios, Athens
General Hospital "G Gennimatas”, Athens. Hungary: (J.
Szlavik), South-Pest Hospital Centre — National Institute
for Infectology and Haematology, Budapest. Iceland:
(M. Gottfredsson), Landspitali University Hospital,
Reykjavik. Ireland: (E. Devitt), St James’s Hospital,
Dublin. Israel: (L. Tau), D. Turner, M. Burke, Ichilov
Hospital, Tel Aviv; E. Shahar, L. M. Wattad, Rambam
Health Care Campus, Haifa; H. Elinav, M. Haouazi,
Hadassah University Hospital, Jerusalem; D. Elbirt,
AIDS Center (Neve Or), Jerusalem. Italy: (A. D’Arminio
Monforte), Istituto Di Clinica Malattie Infettive e
Tropicale, Milan; R. Esposito, I. Mazeu, C. Mussini,
Universita Modena, Modena; F. Mazzotta, A. Gabbuti,
Ospedale S Maria Annunziata, Firenze; A. Lazzarin, A.
Castagna, N. Gianotti, Ospedale San Raffaele, Milan;
M. Galli, A. Ridolfo, Osp. L. Sacco, Milan. Lithuania:
(V. Uzdaviniene) Vilnius University Hospital Santaros
Klinikos, Vilnius; R. Matulionyte, Vilnius University,
Faculty of Medicine, Department of Infectious Diseases
and Dermatovenerology, Vilnius. Luxembourg: (T.
Staub), R. Hemmer, Centre Hospitalier, Luxembourg.
Montenegro: (S. Dragas), M. Stevanovic, Clinical
Center of Montenegro, Podgorica. Netherlands: (M. vd
Valk), Academisch Medisch Centrum bij de Universiteit
van Amsterdam, Amsterdam. North Macedonia: (J.
Trajanovska), University Clinic for Infectious Diseases &
Febrile Conditions, Mother Teresa 17, Skopje. Norway:
(D. H. Reikvam), A. Maeland, J. Bruun, Oslo University
Hospital, Ullevaal. Poland: (B. Knysz), B. Szetela, M.
Inglot, Medical University, Wroclaw; E. Bakowska,
Centrum Diagnostyki i Terapii AIDS, Warsaw; R.
Flisiak, A. Grzeszczuk, Medical University, Bialystok;
M. Parczewski, K. Maciejewska, B. Aksak-Was, Medical
University, Szczecin; M. Beniowski, E. Mularska,
Osrodek Diagnostyki i Terapii AIDS, Chorzow; E.
Jablonowska, J. Kamerys, K. Wojcik, Wojewodzki
Szpital Specjalistyczny, Lodz; I. Mozer-Lisewska, B.

Rozplochowski, Poznan University of Medical Sciences,
Poznan. Portugal: (A. Zagalo), Hospital Santa Maria,
Lisbon; K. Mansinho, Hospital de Egas Moniz, Lisbon;
F. Maltez, Hospital Curry Cabral, Lisbon. Romania: (R.
Radoi), C. Oprea, Carol Davila University of Medicine
and Pharmacy Bucharest, Victor Babes Clinical Hospital
for Infectious and Tropical Diseases, Bucharest.
Russia: D. Gusev, Medical Academy Botkin Hospital,
St Petersburg; T. Trofimova, Novgorod Centre for
AIDS, Novgorod; I. Khromova, Centre for HIV/AIDS
& Infectious Diseases, Kaliningrad; E. Kuzovatova,
Academician I.N. Blokhina Nizhny Novgorod Scientific
Research Institute of Epidemiology and Microbiology,
Nizhny Novgorod; E. Borodulina, E. Vdoushkina,
Samara State Medical University, Samara. Serbia:
(J. Ranin), The Institute for Infectious and Tropical
Diseases, Belgrade. Slovenia: (J. Tomazic), University
Clinical Centre Ljubljana, Ljubljana. Spain: (J. M.
Miro), J. M. Mird, M. Laguno, E. Martinez, F. Garcia, J.
L. Blanco, M. Martinez-Rebollar, J. Mallolas, P. Callau, J.
Rojas, A. Inciarta, Hospital Clinic - IDIBAPS University
of Barcelona, Barcelona; S. Moreno, S. del Campo,
Hospital Ramon y Cajal, Madrid; B. Clotet, A. Jou, R.
Paredes, J. Puig, J. M. Llibre, J. R. Santos, Infectious
Diseases Unit & IrsiCaixa AIDS Research Institute,
Hospital Germans Trias I Pujol, Badalona; P. Domingo,
M. Gutierrez, G. Mateo, M. A. Sambeat, Hospital Sant
Pau, Barcelona; J. M. Laporte, Hospital Universitario
de Alava, Vitoria-Gasteiz. Sweden: (V. Svedhem), A.
Thalme, A. Sonnerborg, Karolinska University Hospital,
Stockholm; J. Brinnstrom, Venhédlsan-Sodersjukhuset,
Stockholm; L. Flamholc, Malmo University Hospital,
Malmo. Switzerland: (K. Kusejko), D. Braun, University
Hospital Zurich; M. Cavassini, University Hospital
Lausanne; A. Calmy, University Hospital Geneva;
H. Furrer, University Hospital Bern; M. Battegay,
University Hospital Basel; P. Schmid, Cantonal Hospital
St. Gallen. Ukraine: A. Kuznetsova, Kharkov State
Medical University, Kharkov; J. Mikhalik, Crimean
Republican AIDS Centre, Simferopol; M. Sluzhynska,
Lviv Regional HIV/AIDS Prevention and Control CTR,
Lviv. United Kingdom: A. Milinkovic, St Stephen's
Clinic, Chelsea and Westminster Hospital, London; A.
M. Johnson, E. Simons, S. Edwards, Mortimer Market
Centre, London; A. Phillips, M. A. Johnson, A. Mocroft,
Royal Free and University College Medical School,
London (Royal Free Campus); C. Orkin, Royal London
Hospital, London; A. Winston, Imperial College School
of Medicine at St Mary’s, London; A. Clarke, Royal
Sussex County Hospital, Brighton; C. Leen, Western
General Hospital, Edinburgh.
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The following centres have previously contributed
data to EuroSIDA:

Medical University, Gdansk, Poland.

Infectious Diseases Hospital, Sofia, Bulgaria.

Hopital de la Croix Rousse, Lyon, France.

Hopital de la Pitié-Salpétiere, Paris, France.

Unité INSERM, Bordeaux, France.

Hopital Edouard Herriot, Lyon, France.

Bernhard Nocht Institut fiir Tropenmedizin, Hamburg,
Germany.

1st I.K.A Hospital of Athens, Athens, Greece.

Ospedale Riuniti, Divisione Malattie Infettive, Bergamo,
Italy.

Ospedale di Bolzano, Divisione Malattie Infettive,
Bolzano, Italy.

Ospedale Cotugno, III Divisione Malattie Infettive,
Napoli, Italy.

Dérer Hospital, Bratislava, Slovakia.

Hospital Carlos III, Departamento de Enfermedades
Infecciosas, Madrid, Spain.

Kiev Centre for AIDS, Kiev, Ukraine.

Luhansk State Medical University, Luhansk, Ukraine.
Odessa Region AIDS Center, Odessa, Ukraine.

St Petersburg AIDS Centre, St Petersburg, Russia.

Infectology Centre of Latvia, Riga, Latvia.

University di Roma la Sapienza, Rome, Italy.

Istituto Nazionale Malattie Infettive Lazzaro Spallanzani,
Rome, Italy.

EuroSIDA Steering Committee

Steering Committee: I. Karpov, M. Losso, J. Lundgren,
J. Rockstroh, I. Aho, L. D. Rasmussen, V. Svedhem, G.
Wandeler, C. Pradier, N. Chkhartishvili, R. Matulionyte,
C. Oprea, J. D. Kowalska, J. Begovac, J. M. Mird, G.
Guaraldi, R. Paredes.

Chair: G. Wandeler.

Co-Chair: R. Paredes.

Study lead: L. Peters.

EuroSIDA staff

Coordinating Centre Staff: L. Peters, J. F. Larsen, A.
Bojesen, B. Neesgaard, N. Jaschinski, O. Fursa, M. Sather,
D. Raben, E. V. Hansen, D. Kristensen, A. H. Fischer, S. K.
Jensen, T. W. Elsing.

Statistical Staff: A. Mocroft, A. Phillips, J. Reekie, A.
Cozzi-Lepri, S. Amele, A. Pelchen-Matthews, A. Roen, E.
S. Tusch, W. Bannister.
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