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Abstract

Introduction: Studies of the impact of hepatitis C virus (HCV), hepatitis B virus (HBV) and HIV
mono and co-infections on the risk of cancer, particularly extra-hepatic cancer, have been

limited and inconsistent in their findings.

Methods: In the British Columbia Hepatitis Testers Cohort, we assessed the risk of colorectal,
liver, and pancreatic cancers in association with HCV, HBV and HIV infection status. Using Fine
and Gray adjusted proportional subdistribution hazards models, we assessed the impact of
infection status on each cancer, accounting for competing mortality risk. Cancer occurrence

was ascertained from the BC Cancer Registry.

Results: Among 658,697 individuals tested for the occurrence of all three infections, 1407
colorectal, 1294 liver, and 489 pancreatic cancers were identified. Compared to uninfected
individuals, the risk of colorectal cancer was significantly elevated among those with HCV (Hazard
ration [HR] 2.99; 95% confidence interval [CI] 2.55-3.51), HBV (HR 2.47; 95% CI 1.85-3.28), and
HIV mono-infection (HR 2.30; 95% CI 1.47-3.59), and HCV/HIV co-infection. The risk of liver cancer
was significantly elevated among HCV and HBV mono-infected and all co-infected individuals. The
risk of pancreatic cancer was significantly elevated among individuals with HCV (HR 2.79; 95% Cl
2.01-3.70) and HIV mono-infection (HR 2.82; 95% CI 1.39-5.71), and HCV/HBV co-infection.
Discussion/Conclusion: Compared to uninfected individuals, the risk of colorectal, pancreatic
and liver cancers was elevated among those with HCV, HBV and/or HIV infection. These
findings highlight the need for targeted cancer prevention and diligent clinical monitoring for
hepatic and extrahepatic cancers in infected populations.
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Introduction

Of the 14 million cancer cases occurring globally
in 2012, 2.2 million were attributed to infectious
agents.! Hepatitis C virus (HCV) and hepatitis B
virus (HBV) account for approximately 25% and
50% of all hepatocellular carcinoma (HCC)
cases, respectively.? HIV is also associated with
an increased risk of AIDS-defining malignancies

(ADM), namely non-Hodgkin lymphoma.? In
addition to ADM, the incidence of non-AIDS-
defining malignancies (NADMs) is also associ-
ated with excess mortality among individuals
living with HIV compared to those who are HIV-
negative.»> Despite the current evidence, there
have been limited evaluations of the impact of
HCV, HBV, or HIV mono-infections on the risk
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of other cancers, such as colorectal and pancre-
atic cancers. Although colorectal cancer is the
second leading cause of cancer-related death
worldwide, and pancreatic cancer carries an
extremely low 5-year survival rate, risk factors for
these cancers, including potential associations
with oncogenic viruses, have not been fully iden-
tified, requiring further investigation.5’

The impact of co-infection with these viruses on
cancer risk is an important consideration given
the large number of people around the world with
co-infection (e.g. 2.7 and 2.3 million people
worldwide have HIV/HBV and HIV/HCV co-
infections, respectively).® Besides HCC and
ADM, only a few studies have assessed the risk of
colorectal and pancreatic cancers among individ-
uals with HCV, HBV, and/or HIV co-infec-
tion.?14 Furthermore, in most studies conducted
to date, common underlying social and behavio-
ral acquisition risks (e.g. injection drug use, prob-
lematic alcohol use) among infected individuals
in the context of ‘disease syndemics’ have been
inadequately addressed.!5:16 In the context of syn-
demic theory, the co-occurrence of HIV and
HCV could act as a surrogate for risk activities,
consequently leading to increased cancer risks in
infected populations.!> Finally, these studies
lacked a negative-for-all infections comparison
group with similar acquisition risks to evaluate
the risk of cancer.!6

To address these gaps in knowledge, we used the
British Columbia Hepatitis Testers Cohort
(BC-HTC) to assess the risk of colorectal, liver,
and pancreatic cancers among HCV, HBV, and
HIV mono and co/triple-infected individuals
compared to individuals who tested negative for
these infections.

Materials and methods

Study population

We utilized data from the BC-HTC, which
includes all individuals tested for HCV or HIV at
the British Columbia Centre for Disease Control
Public Health Laboratory (BCCDC-PHL), or
who have been reported to public health as con-
firmed cases of HCV, HBV, HIV, or active tuber-
culosis, since 1990 (Supplemental Table 1). The
BCCDC-PHL performs more than 95% of HCV
and HIV serology and confirmatory testing in
British Columbia (BC). Using a unique personal
health number, data are linked with provincial

healthcare administrative databases covering
medical visits, hospitalization records, prescrip-
tion drugs, cancers, and deaths. Detailed descrip-
tions of the BC-HTC cohort are provided
elsewhere.17:18

For the current analysis, we included only indi-
viduals who were tested for all three infections
(HCV, HBV, and HIV), by 31 December 2015.
The non-infected group included individuals
tested for HCV, HBV, and HIV with no record of
these infections. We excluded individuals diag-
nosed with cancer before the date of the first
infection, individuals who were less than 18years
of age at cancer diagnosis, and individuals of
unknown sex.

Infection status

Individuals testing positive for HCV antibodies,
HCV RNA or genotype, or who were reported as
HCV cases to public health were classified as
HCYV cases.!” HBV cases included individuals
who were reported as HBV cases in the provincial
registry or tested for HBV DNA or hepatitis B
virus surface antigen (HBsAg), or individuals
who received HBV treatment.!” HIV diagnosis
was based on serological testing, a record in the
provincial HIV/AIDS reporting system or two
medical visits or a hospitalization with an HIV-
related diagnostic code.l” Infection status was
categorized as: (a) negative for all three infec-
tions; (b) HCV mono-infection; (¢) HBV mono-
infection; (d) HIV mono-infection; (e¢) HCV/
HBYV co-infection; (f) HCV/HIV co-infection; (g)
HBV/HIV co-infection; (h) HCV/HBV/HIV tri-
ple infection. Negative controls were followed
from the last negative test date, mono-infected
from the first positive test date and co/triple
infected from the last positive test date to end of
study defined as the date of cancer diagnosis,
death or 31 December 2016, respectively.

Cancer diagnosis

The outcomes of interest for this study were colo-
rectal, pancreatic, and liver cancers. Cancer diag-
noses for BC-HTC participants were ascertained
by linking with the BC Cancer Registry (BCCR).
This registry has been gold certified by the North
American Association of Central Cancer
Registries with the case-capture estimate from the
2016 cancer diagnosis data being 97.1%.1°
Colorectal, liver, and pancreatic cancers were
identified by International Classification of
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Diseases for Oncology, version 3 (ICDO-3),
topography codes C18-C20, C22.0, and C25,
respectively.

Covariates

We identified the following as potential con-
founders to be included in our analyses: age, sex,
ethnicity, problematic alcohol use, injection drug
use (IDU), cirrhosis, diabetes, and material and
social deprivation.!6:20:21 Multiple comorbidities
were also assessed using the Elixhauser comor-
bidity index.?2 Covariates were measured at the
date of most recent infection diagnosis in the
infected groups and the date of the last HCV,
HBYV, or HIV diagnostic test for the negative
group.

IDU and problematic alcohol use were assessed
based on diagnostic codes and fee item codes for
medical visits and hospitalizations (Supplemental
Table 2). The IDU validation algorithm has been
described elsewhere.??> Ethnicity was classified
based on the validated name recognition software
Onomap.?425> Ethnicity was categorized as South
Asian (Pakistani, Indian, Bangladeshi, Nepalese,
and Sri Lankan), East Asian (Chinese, Filipino,
Japanese, Korean, and South-East Asian), and
other (other BC residents). Cirrhosis and diabe-
tes were assessed from the British Columbia
Chronic Disease Registry, which uses a combina-
tion of International Classification of Diseases
(ICD) diagnostic or procedure codes, fee item
codes from medical visits or hospital admissions,
and a prescription medication database to iden-
tify chronic disease cases. Diagnostic codes and
definitions are provided in Supplemental Table 2.

In order to account for the potential impact of
HCV treatment on cancer risk, we further catego-
rized individuals with HCV mono-infection to
treated and untreated groups. Individuals who
initiated HCV treatment between HCV positive
test date and study end date (i.e. cancer, censor,
or death), irrespective of treatment type, were
categorized as: (a) patients who achieved a sus-
tained virological response (SVR); or (b) individ-
uals who failed the treatment or had unknown
SVR status (TF/unknown). SVR was defined as
undetectable serum HCV RNA at =10weeks’
post treatment.2%27 The untreated group was cat-
egorized as: (a) individuals who spontaneously
cleared (SC) the virus; or (b) untreated individu-
als with chronic HCV (UCHCQ) infection. SC was
defined as a negative HCV RNA by polymerase

chain reaction (PCR) test after a positive anti-
HCV test among untreated individuals.?” UCHC
was defined as a positive HCV RNA test with no
negative HCV RNA and no history of HCV treat-
ment during the follow-up.??

Statistical analysis

We compared baseline characteristics between
negative, mono-infected, co-infected and triple-
infected individuals. The crude incidence rate of
each cancer was calculated for each of the eight
infection status categories by dividing the number
of events by the at-risk person-years (PY) of
follow-up.

We constructed a Fine and Gray adjusted propor-
tional subdistribution hazards model to assess the
impact of infection status on each cancer,
accounting for competing mortality risk.28 Models
were stratified by sex. Hazard ratio estimates
among infection categories with less than five
events were deemed unreliable and therefore were
not included. In a sensitivity analysis, HCV
mono-infected individuals were characterized by
their treatment status into four categories includ-
ing SVR, TF/unknown, SC, and UCHC.?” To
assess the impact of each category on colorectal,
liver, and pancreatic cancer, separate adjusted
proportional subdistributional hazards models,
with SC group as the reference, were constructed.
All analyses were performed using SAS version
9.4 (Cary, NC, USA). Data linkage to establish
the BC-HTC was performed under the auspices
of the BCCDC public health mandate.

Results

Description of cohort

The final analytic cohort included 658,697 indi-
viduals who were tested for all three infections
between 1990 and 2016 (Figure 1). Among this
group, 596,072 (90.5%) were negative for all
three infections; 34,807 (5.3%), 14,913 (2.6%),
and 4846 (0.7%) were HCV, HBV, and HIV
mono-infected, respectively; 3472 (0.5%), 2668
(0.4%), and 679 (0.1%) were co-infected with
HCV/HBV, HCV/HIV, and HBV/HIV, respec-
tively; and 1240 (0.2%) were triple infected. A
greater proportion of infected individuals were
men as compared to uninfected individuals
(Table 1). The majority of individuals across the
infection groups were among other ethnic catego-
ries, except for HBV mono-infected individuals
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Figure 1. Flow diagram for primary analysis.

who were mostly of East Asian descent. A higher
proportion of people with co-infection and triple
infection had problematic alcohol use, IDU and
co-morbidities as compared to the uninfected
group. HIV mono-infected and HBV/HIV co-
infected individuals tended to be less materially
deprived compared to the other groups (Table 1).

Incidence rates

In total, 1407 (0.21%) individuals were diag-
nosed with colorectal cancer [median age
60.0years, interquartile range (IQR) 52-69],
1294 (0.20%) with liver cancer (median age
60.0years, IQR 54-66), and 489 (0.07%) with
pancreatic cancer (median age 63.0years, IQR
55-71), over 7,471,228.9 PY of follow-up
(median follow-up time of 11.0years; interquar-
tile range 6.05, 16.46) (Figure 2).

The crude incidence of colorectal cancer was sim-
ilar across the infection groups (Figure 2). For
liver cancer, the incidence per 1000 PY, was
highest among those with HCV mono-infection
(1.8; 95% confidence interval [CI] 1.7-1.9; 799
cases per 440,142.7 PY follow-up), HBV mono-
infection (1.4; 95% CI 1.2-1.6; 232 cases per

166,361.5 PY follow-up), and HCV/HBV co-
infection (2.3; 95% CI 1.9-2.9; 87 cases per
37,322 PY follow-up) (Figure 2). The incidence
of pancreatic cancer was similar across the infec-
tion groups (Figure 2).

Effect of infection status on cancer risk

In analyses adjusted for potential confounders,
compared to uninfected individuals, HCV
(hazard ratio [HR] 2.99; 95% CI 2.55-3.51),
HBV (HR 2.47; 95% CI 1.85-3.28), and HIV
(HR 2.30; 95% CI 1.47-3.59) mono-infections
were associated with increased risks of colorectal
cancer (Table 2). In addition, the risk of colorec-
tal cancer was significantly higher among HCV/
HIV co-infected (HR 2.38; 95% CI 1.31-4.34)
individuals (Table 2). In sex-stratified analyses,
similar associations were observed among men.
Among women, HCV and HBV mono-infections
were associated with an increased risk of colorec-
tal cancer. There were no female cancer cases
with HIV mono-infection and HCV/HIV co-
infection (Table 3).

Compared to the uninfected group, HCV mono-
infection (HR 121.50; 95% CI 98.62-149.67),
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Table 1. Characteristics of participants by infections status in BC Hepatitis Testers Cohort, 1990-2016.

Variables Negative HCV mono- HBV mono- HIV mono- HCV/ HCV/ HBV/ HCV/HBV/
infection infection infection HBV co- HIV co- HIV co- HIV triple
infections infections infections infections
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Row percentage 596,072 (90.5] 34,807 (5.3) 14,913 (2.3) 4846 (0.7) 3472 (0.5) 2668 (0.4) 679 (0.1) 1240 (0.2)
Median age at 37 (29-48) 40 (32-48) 36 (28-47) 37 (30-46) 43 (34-51) 39 (33-46) 44 (35-51) 41 (34-47)

last infection test
date/diagnosis
(IQR), years
Median age at 43 (34-54) 55 (46-62) 49 (40-59) 51 (42-59) 55 (48-61) 50 (44-56) 52 (45-59) 49 (43-55)
cancer/death/
censor (IQR),
years
Colorectal cancer
No 594,980 (99.8) 34,594 (99.4) 14,860 (99.6) 4826 (99.6) 3459 (99.6) 2657 (99.6) 678 (99.8) 1236 (99.7)
Yes 1092 (0.2) 213 (0.6) 53 (0.4 20 (0.4) 13(0.4) 11 (0.4) 1(0.2) 4(0.3)
Pancreatic cancer
No 595,683 (99.93) 34,740 (99.8] 14,901 (99.9]  4838(99.8) 3463 (99.7) 2666 (99.9) 679 (100.0) 1238(99.8)
Yes 389 (0.07) 67(0.2) 12 (0.08) 8(0.2) 9(0.3) 2(0.1) 0(0.0) 2(0.2)
Liver cancer
No 595,935 (99.98) 34,008 (97.7) 14,681 (98.4) 4844 (99.96) 3385 (97.5) 2651(99.4) 671 (98.8) 1228 (99.0)
Yes 137 (0.02) 799 (2.3) 232 (1.6) 2 (0.04) 87 (2.5) 17 (0.6) 8(1.2) 12 (1.0)
Gender/sexual orientation

MSM 43,716 (7.3) 2331 (6.7) 2140 (14.3) 3058 (63.1)  236(6.8) 622 (23.3) 442 (65.1) 185 (14.9)

No-MSM men 215,404 (36.1) 19,940 (57.3) 5423 (36.4) 1051(21.7)  2057(59.2) 1294 (48.5) 172(25.3) 650 (52.4)

Female 336,952 (56.5) 12,536 (36.0) 7563 (49.3) 737 (15.2) 1179 (34.0) 752 (28.2) 65 (9.6) 405 (32.7)
Ethnicity

East Asian 62,884 (10.6) 875 (2.5) 7883 (52.9) 200 (4.1) 223 (6.4]) 37 (1.4) 49 (7.2) 17 (1.4)

Other 485,253 (81.4) 32,767 (94.1) 6313 (42.3) 4457 (92.0) 3166 (91.2) 2601 (97.5)  612(90.1) 1216 (98.0)

South Asian 47,935 (8.0) 1165 (3.4) 717 (4.8) 189 (3.9 83 (2.4) 30 (1.1) 18 (2.6) 7(0.6)

Injection drug use at cancer/death/censor
No 56,3510 (94.5) 20,423 (58.7) 14,309 (95.9) 4237 (87.4) 1520 (43.8) 842 (31.6) 535 (78.8) 202 (16.3)
Yes 32,562 (5.5) 14,384 (41.3) 604 (4.1) 609 (12.6) 1952 (56.2) 1826 (68.4) 144 (21.2) 1038 (83.7)

Injection drug use at last infection

No 586,699 (98.4) 27,582 (79.2) 14,575 (97.7) 4635 (95.7) 2150 (61.9) 1455 (54.5) 599 (88.2) 373 (30.1)
Yes 9373 (1.6) 7225 (20.8) 338(2.3) 211 (4.3) 1322 (38.01) 1213 (45.5) 80(11.8) 867 (69.9)
(Continued)
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Table 1. (Continued)

Variables Negative HCV mono- HBV mono- HIV mono- HCV/ HCV/ HBV/ HCV/HBV/
infection infection infection HBV co- HIV co- HIV co- HIV triple
infections infections infections infections
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Problematic alcohol use at cancer/death/censor

No 554,984 (93.1) 22,831 (65.6) 14,241 (95.5) 4294 (88.6) 1936 (55.8) 1462 (54.8) 570 (83.9) 534 (43.1)

Yes 41,088 (6.9 11,976 (34.4) 672 (4.5) 552 (11.4) 1536 (44.2) 1206 (45.2) 109 (16.1) 706 (56.9)
Problematic alcohol use at last infection

No 580,304 (97.4) 28,464 (81.8) 14,522 (97.4) 4576 (94.4) 2442 (70.3) 1847 (69.2) 607 (89.4) 705 (56.8)

Yes 15,768 (2.6) 6343(18.2) 391 (2.6) 270 (5.6) 1030 (29.7) 821 (30.7) 72 (10.6) 535 (43.2)
Elixhauser comorbidity index at cancer/death/censor

No 444,667 (74.6) 12,905 (37.1) 10,950 (73.4) 2473 (51.0) 773 (22.3) 406 (15.2) 201 (29.6) 59 (4.8)

Yes 151,405 (25.4) 21,902 (62.9) 3963 (26.6) 2373 (49.0) 2699 (77.7) 2262 (84.8) 478(70.4) 1181 (95.2)
Elixhauser comorbidity index at last infection

No 529,516 (88.8)  24,395(70.1) 12,968 (87.0) 4190 (86.5) 1598 (46.0) 1189 (44.6) 367 (54.0) 259 (20.9)

Yes 66,556 (11.2) 10,412 (29.9) 1945 (13.0) 656 (13.5) 1874 (54.0) 1479 (55.4) 312 (46.0) 981 (79.1)
Diabetes at cancer/death/censor

No 570,051 (96.6) 32,049 (92.1)  13,792(93.7)  4545(93.8) 3081 (88.7) 2538 (95.1) 624 (91.9) 1155 (93.2)

Yes 26,021 (4.4) 2758 (7.9) 941 (6.3) 301 (6.2) 391(11.3) 130 (4.9) 55 (8.1) 85 (6.8)
Diabetes at last infection

No 575,171 (96.5)  33,470(96.2) 14,167 (95.0)  4693(96.8)  3192(91.9) 2589 (97.0) 623 (91.7) 1170 (94.4)

Yes 20,901 (3.5) 1337 (3.8) 746 (5.0 153 (3.2) 280 (8.1 79 (3.0) 56 (8.3 70 (5.6)
Cirrhosis at cancer/death/censor

No 590,914 (99.1) 32,020 (92.0) 14,4801(97.1) 47811(98.7)  2912(83.9)  2423(90.8) 624 (91.9) 1011 (81.5)

Yes 5158 (0.9) 2787 (8.0) 433 (2.9) 65(1.3) 560 (16.1) 2451(9.2) 55 (8.1) 229 (18.5)
Cirrhosis at last infection

No 595,194 (99.8) 34,496 (99.1)  14,765(99.0)  4831(99.7) 3236 (93.2)  2621(98.2) 660 (97.2) 1157 (93.3)

Yes 878 (0.2) 3111(0.9) 148 (1.0) 15 (0.3) 236 (6.8] 47(1.8) 19 (2.8) 83(6.7)

Material deprivation at last infection

Unknown 3937 (0.7) 310 (0.9) 141 (1.0) 33(0.7) 63(1.8) 30 (1.1) 10 (1.5) 19 (1.5)

Q1 (most 145,209 (24.5) 4498 (12.9) 2651 (17.8) 1707 (35.2) 449 (12.9) 447 (16.8) 235 (34.6) 200 (16.1)

privileged)

Q2 117,262 (19.8) 5280 (15.2) 2304 (15.5) 859 (17.7) 509 (14.7) 378 (14.2) 121 (17.8) 176 (14.2)

Q3 114,822 (19.4) 6047 (17.4) 2565 (17.2) 625 (12.9) 542 (15.6) 314(11.8)  88(13.0) 115 (9.3)

Q4 115,010 (19.4) 8117 (23.3) 3125 (21.0) 728 (15.0) 783 (22.6) 536 (20.1) 95 (14.0) 222 (17.9)
[Continued]
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Table 1. (Continued)

Variables Negative

HCV mono-
infection

HBV mono-
infection

HIV mono-
infection

HCV/
HBYV co-
infections

HIV co-
infections

HBV/
HIV co-
infections

HCV/HBV/
HIV triple
infections

n [o/nl

n (%)

n (%)

n (%)

n (o/nl

n [%] n (o/n)

Q5 (most 99,832 (16.9)

deprived)
Social deprivation at last infection
Unknown 3937 (0.7)

Q1 (most 104,933 (17.6)

privileged)

Q2 102,112 (17.1)
Q3 103,300 (17.5)
Q4 122,873 (20.6)

Q5 (most 158,917 (26.7)

deprived)

10,555 (30.3)

310(0.9)
3525 (10.1)

4332 (12.5)
5550 (16.0)

7137 (20.5)
13,953 (40.1)

4127 (27.7)

141(1.0)
3166 (21.2)

2949 (19.8)
2533 (17.0)

2606 (17.5)
3518 (23.6)

894 (18.5)

33(0.7)
402 (8.3)
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Figure 2. Crude incidence rate of cancer per 1000 person years by negative and infection groups, BC Hepatitis

Testers Cohort.
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Table 2. Risk of colorectal, pancreatic and liver cancers among HCV, HBV, and/or HIV-infected individuals at last infection diagnosis/
test date, using adjusted subdistribution hazards ratio accounting for competing mortality risk.

Variables Colorectal cancer Liver cancer Pancreatic cancer

HR (95% CI) HR (95% Cl) HR (95% Cl)

Model" Model? Model' Model? Model" Model?
Infection status

HCV (ref. 3.20 (2.74-3.74)  2.99 (2.55-3.51) 117.23 (95.42-144.00) 121.50 (98.62-149.67) 3.00 (2.27-3.94)  2.79 (2.01-3.70)
Negative)

HBV (ref. 2.45(1.86-3.24) 2.47(1.85-3.28] 103.52(82.34-130.15) 85.49 (67.55-108.19)  1.61(0.91-2.87)  1.58 (0.88-2.85)
Negative)

HIV (ref. 2.35(1.51-3.68) 2.30(1.47-3.59) - = 2.81(1.39-5.70)  2.82(1.39-5.71)
Negative)

HCV/HBV (ref. 1.83(1.06-3.17) 1.53(0.87-2.69) 115.54 (86.68-154.01) 106.39 (78.09-144.94) 3.72(1.92-7.23)  2.92 (1.47-5.79)
Negative)

HCV/HIV (ref. 2.69 (1.48-4.89) 2.38(1.31-4.34) 40.01(23.99-67.04) 44.67 (26.54-75.19) = =

Negative)

HBV/HIV (ref. - - 58.46 (28.37-120.48)  62.04(30.00-128.28) - -

Negative)

HCV/HBV/HIV - -
(ref. Negative)

59.50 (32.72-108.22)  62.84 (33.61-117.49) - =

Cl, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio.

Model': Adjusted for sex and age (linear term).

Model2: Adjusted for sex, age, ethnicity, Elixhauser comorbidity index, problematic alcohol use, cirrhosis, and diabetes at last infection diagnosis/
test date.

Empty cells are suppressed HR values due to small sample sizes.

HBYV mono-infection (HR 85.49; 95% CI 67.55—
108.19), and HCV/HBV co-infection (HR
106.39; 95% CI 78.09-144.94) were associated
with increased risks of liver cancer. HCV/HIV
and HBV/HIV co-infection, as well as triple infec-
tion, were also significantly associated with an
elevated risk of liver cancer. In sex-stratified anal-
yses, the risk of liver cancer was elevated among
men with HCV/HIV and HBV/HIV co-infection
and triple infection, while there were no female
cancer cases within either of these infection cate-
gories (Figure 1, Table 3).

People with HCV mono-infection (HR 2.79;
95% CI 2.01-3.70), HIV mono-infection (HR
2.82; 95% CI 1.39-5.71), and HCV/HBV co-
infection (HR 2.92; 95% CI 1.47-5.79) were at
increased risk of pancreatic cancer compared to
uninfected individuals (Table 2). In sex-stratified
analysis, similar associations were observed
among men, while except for HCV mono-infec-
tion, there were no female cancer cases within any
other infection categories (Table 3).

Among 34,807 (5.3%) HCV mono-infected indi-
viduals, 7370 (21.2%) were SC, 18,926 were
UCHGC, and 8511 were treated, of whom 5695
(16.4%) achieved SVR, and 2816 (8.1%) were
TF/unknown (Supplemental Table 3). In gen-
eral, higher proportions of colorectal and liver
cancers were observed among UCHC (0.8%)
and TF/unknown (8.8%) groups, respectively
(Supplemental Table 3). The TF group was
slightly older, included more men, and had a
higher proportion of individuals diagnosed with
diabetes and/or cirrhosis (Supplemental Table 3).
A greater proportion of individuals with UCHC
had problematic alcohol use (Supplemental Table
3). No statistically significant associations of
HCV clearance status with colorectal or pancreas
cancers were observed (Table 4). Compared to
the SC group, the risk of liver cancer was signifi-
cantly higher among the TF/unknown group (HR
18.55; 95% CI 11.99-28.69), followed by the
UCHC (HR 5.76; 95% CI 3.74-8.84), and SVR
(HR 2.92; 95% CI 1.81-4.72) groups (Table 4).
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Table 3. Risk of colorectal, pancreatic and liver cancers among HCV, HBV, and/or HIV-infected individuals stratified by sex, at last
infection diagnosis/test date, using adjusted subdistribution hazards ratio accounting for competing mortality risk.

Variables Colorectal cancer* Liver cancer* Pancreatic cancer*
HR (95% CI) HR (95% CI) HR (95% CI)
Men Women Men Women Men Women
Infection status
HCV (ref. 2.84 (2.35-3.44) 3.32(2.47-4.48) 113.24 (88.87-144.30) 145.23(97.07-217.29)  2.17 (1.53-3.08) 4.70 (2.96-7.46)
Negative)
HBV (ref. 1.84(1.24-2.75) 3.78(2.52-5.66) 83.63(63.81-109.59)  87.01 (53.57-141.34) 1.43(0.70-2.93) -
Negative)
HIV (ref. 2.46(1.57-3.85) - = = 2.58(1.21-5.50) -
Negative)
HCV/HBYV (ref. 1.46 (0.77-2.77) - 89.86 (63.03-128.10)  196.48 (106.56-362.29) 3.23 (1.57-6.65) -
Negative)
HCV/HIV (ref. 2.77 (1.51-5.08) - 44.62 (25.77-77.26) = = =
Negative)
HBV/HIV (ref. - - 61.22 (29.38-127.57) - - -
Negative)

HCV/HBV/HIV - -
(ref. Negative)

68.43(35.94-130.29) - - -

Cl, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio.
*Model: Adjusted for sex, age, ethnicity, Elixhauser comorbidity index, problematic alcohol use, cirrhosis, and diabetes at last infection diagnosis/

test date.

Table 4. Adjusted subdistribution hazards ratio accounting for competing mortality risk for association of HCV clearance status with
colorectal, pancreatic and liver cancers among HCV-mono-infected individuals.

Variables Colorectal cancer Liver cancer Pancreatic cancer
HR (95% CI) HR (95% CI) HR (95% CI)
Model’ Model? Model' Model? Model' Model?
HCV clearance status
SVR 0.63(0.35-1.14) 0.65(0.36-1.17) 3.03 (1.87-4.91) 2.93 (1.81-4.74) 0.53 (0.20-1.42)  0.52 (0.20-1.39)

TF/unknown 1.17(0.66-2.07) 1.18(0.66-2.08)
UCHC 1.46 (0.97-2.17) 1.43(0.96-2.14)

19.29 (12.46-29.86) 18.55(11.99-28.69) 0.44(0.12-1.57) 0.44(0.12-1.58)
5.69 (3.70-8.73) 5.76 (3.75-8.84) 1.14(0.59-2.19) 1.12(0.58-2.17)

Cl, confidence interval; HCV, hepatitis C virus; HR, hazard ratio; SVR, sustained virological response; TF/unknown, failed treatment/unknown SVR

status; UCHC. untreated with chronic HCV infection.
Model': Adjusted for sex and age (linear term).

Model2: Adjusted for sex, age, ethnicity, Elixhauser comorbidity index, problematic alcohol use, cirrhosis, and diabetes at last infection diagnosis/

test date.

Discussion/conclusion

In this large population-based cohort study, we
observed that HCV, HBV, and HIV mono-
infections were, respectively, associated with an

elevated risk of colorectal, pancreatic and liver
cancers, colorectal and liver cancers, and colorec-
tal and pancreatic cancers. We also observed ele-
vated risks of colorectal cancer among individuals
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with HCV/HIV co-infection, liver cancer among
all co-infected and triple-infected individuals, and
pancreatic cancer among HCV/HBV co-infected
individuals.

Findings from previous studies of the association
between HCV and colorectal cancer have been
mixed.1229-32 In a US cohort study, the incidence of
rectal cancer was significantly elevated among indi-
viduals with HCV infection.?® Furthermore, in a
case—control study, the odds of detecting advanced
neoplasia during colonoscopy among individuals
with HCV was significantly higher than uninfected
individuals.3! Other studies, however, observed no
increased risk of colorectal cancers among HCV-
infected individuals.!232 In these latter studies, the
use of standardized colorectal cancer incidence rates
among HCV-infected individuals did not account
for the potential impact of risk factors, such as the
presence of comorbid conditions. In our study, after
adjusting for potential risk factors, the risk of colo-
rectal cancer remained elevated among HCV-
infected individuals, thereby supporting the
hypothesis that, in addition to social and behavioral
acquisition risks, HCV core protein with the ability
to limit the performance of tumor suppressor gene
p53 may promote cancer occurrence.!0-31,33

Among HCV-infected individuals in our cohort,
the risk of pancreatic cancer was significantly ele-
vated, irrespective of sex. As reported by previous
studies, the observed association could poten-
tially be related to smoking.%3435 In our study,
information on smoking status was not available;
however, compared to the non-infected group, a
much greater proportion of HCV-infected indi-
viduals had a history of IDU (41.3% wversus
5.5%).3% The higher proportion of IDU among
infected individuals could be an indicator of
higher smoking exposure in this population,
which is consistent with available evidence on the
association between smoking and opioid use.3?

In the sensitivity analysis, HCV clearance was sig-
nificantly associated with a reduced risk of liver
cancer but not colorectal or pancreatic cancers.
Our findings were consistent with data reported
by the study of Huang er al. in which there was no
significant association between SVR and colon
(HR 0.74; 95% CI 0.40-1.34) or pancreatic (HR
1.41; 95% CI 0.46—4.35) cancers.?8 While we did
not have data on the specific type of HCV treat-
ment [i.e. interferon-based wersus direct acting
antiviral (DAA) therapy], the majority of SVR is
expected to be due to interferon-based therapies

as DAA therapy was only publicly funded in BC
1year before the study end date. Furthermore,
among HCV mono-infected individuals, the risk
of liver cancer was higher among the TF category
(HR 18.55) compared to the UCHC category
(HR 5.76). This finding was consistent with our
previously reported data assessing the impact of
early HCV clearance on HCC risk, and highlights
the poorer prognosis profile of TF at treatment
initiation (i.e. higher pre-existing medical compli-
cations such as diabetes and/or cirrhosis
(Supplemental Table 3).27:39

We observed an elevated risk of colorectal cancer
among HBV-infected individuals, as has been
reported in previous studies from China and
Taiwan.3%40 In addition to local inflammation, it
has been hypothesized that HBV X protein
(HBx) could increase the risk of colorectal and
other extrahepatic cancers by binding to p53
tumor suppressor and consequently inducing
oncogenesis.3%:40-43 Current evidence for the link
between HBV and pancreatic cancer is inconsist-
ent.30:35:40:44-46 Although the risk of pancreatic
cancer was elevated in our cohort, it did not
reach statistical significance, which may be due
to the low number of observed cases (n=12).
Given reports of HBx being detected in pancre-
atic cancer cells, further investigation of this
potential association is warranted.4?

Consistent with previous studies, the risk of pan-
creatic cancer was significantly elevated among
HIV-infected individuals in our cohort.>47-48 It has
been suggested that a potential association
between antiretroviral therapy (ART) and diabe-
tes might contribute to an increased risk of pan-
creaticcanceramong HIV-infected individuals.48-50
Although information on ART status was not
available in our study, the risk of pancreatic cancer
remained elevated among HIV-infected individu-
als even after adjusting for a history of diabetes.

It is well known that, compared to HCV or HBV
mono-infections, HCV/HBYV co-infection is asso-
ciated with a higher risk of liver cancer.!?
Furthermore, it has been shown that, among
HIV-infected individuals who are co-infected
with HCV and/or HBV, the risk of liver cancer is
increased.’? However, elevated cancer risks
observed among co-infected and triple-infected
individuals in our study were generally consistent
with risk estimates among HCV, HBV, or HIV
mono-infected individuals. The consistent esti-
mates in our study could be attributed to the fact
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that a higher proportions of individuals with co-
infection and triple infection had a history of
IDU, problematic alcohol use, and comorbid
conditions (Table 1), and are therefore at higher
risk of death.3% In a recent study using BC-HTC
data, individuals with triple infection were shown
to be at highest risk of mortality, followed by co-
infected and mono-infected individuals.>2 Hence,
compared to mono-infection, individuals with
multiple infections are more likely to acquire
their infection through high-risk behaviors and
are less likely to survive long enough to be diag-
nosed with cancer. Further research is needed to
understand the interactive effects of multiple
infections on cancer, particularly in settings
where the risk of mortality related to the acquisi-
tion related factors is low.

Our findings were consistent with the higher inci-
dence of colorectal adenoma among HCV/HIV-
co-infected individuals reported in a previous
US-based study.!! It is well known that, com-
pared to HCV or HBV mono-infections, HCV/
HBV co-infections are associated with a higher
risk of liver cancer.!® Furthermore, it has been
shown that, among HIV-infected individuals who
are co-infected with HCV and/or HBV, the risk of
liver cancer is increased.5! In our cohort, com-
pared to the uninfected group, the risk of liver
cancer was elevated among co-infected and tri-
ple-infected individuals. The incidence of HCC is
increasing worldwide, including in the USA and
Canada.>? According to American and Canadian
guidelines, HCC screening with ultrasonography
every 6 months is recommended among individu-
als with cirrhosis and chronic HBV infection.>*55
However, available data from the USA suggest a
very low screening utilization rate,>® and data on
compliance with HCC screening guidelines in
BC and/or in Canada are not available. Hence, as
part of cancer prevention strategies, data on HCC
screening and its impact on early detection, treat-
ment, and survival among individuals with HBV
infection and HCV-related cirrhosis is required.
Furthermore, as early HCV treatment initiation
could reduce the risk of HCC considerably, ther-
apy with DAA regimens closer to infection acqui-
sition should be considered as a prevention
strategy among infected individuals.??

To our knowledge, this is the first population-
based cohort study in North America that has
assessed the risk of multiple gastrointestinal can-
cers among individuals tested for and diagnosed
with HCV, HBV, and HIV (co-)infections. In our

study, the large number of individuals who tested
negative for all three infections (#=596,072) pro-
vided a comparable group for analyses of risk
among the various infection categories. We were
also able to assess the impact of many potential
confounding factors, such as ethnicity, alcohol
consumption, and chronic medical conditions
that were not considered in previous studies.!%2°

Despite these strengths, there are some limita-
tions with our study. Firstly, although the impact
of multiple covariates has been taken into account
in this study, information on other factors, such
as HIV ART, HBV treatment, and smoking sta-
tus, was not available. In addition, the assess-
ment of alcohol consumption was based on
diagnostic codes that solely captured alcohol
abuse and not more moderate levels of consump-
tion, which may have an impact on cancer risk.
Secondly, although we validated Onomap for use
in the BC population, it is not able to identify all
people, in particular: those who would describe
themselves as having a mixed ethnicity; people
whose surnames are not specific to ethnic groups;
and people who adopt surnames of another eth-
nic group.?> Onomap does not identify people
with indigenous ethnicity. Due to legislated
forced assimilation in Canada during the 18th—
20th centuries, Indigenous peoples’ names were
routinely changed to biblical or other European
names.>” Thus, there is a misclassification of vari-
ous ethnic groups through this methodology.
Moreover, despite the size of our cohort, several
combinations of infection and cancer were quite
rare in our data (less than five events), preventing
us from properly estimating differences in risk or
stratifying the estimates further by different
malignancy subtypes. Furthermore, as including
the sequence for eight infection categories would
significantly increase the number of infection
groups (e.g. for HCV: HCV mono, HCV/HBV,
HBV/HCV, HCV/HIV, HIV/HCV, HCV/HBV/
HIV, HCV/HIV/HBV, HBV/HCV/HIV, HIV/
HCV/HBYV, etc.) and would further decrease the
sample size in each infection category, the poten-
tial impact of infection sequence on cancer risk
was beyond the scope of current study. Besides,
although other analytical approaches were con-
sidered to address the time-dependent nature of
infection status and covariates, the Fine—Gray
subdistribution hazards models were used in this
study, as in the presence of competing risk (i.e.
mortality), including time-varying variables may
lead to unclear inferences and bias.’® Finally,
since the introduction of DAA therapy in BC is
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relatively new, the BC-HTC has not yet accrued
enough follow-up time to assess the impact of
DAA therapy on cancer development. However,
it should be noted that the main objective of the
current study was to assess the association
between mono and co/triple-viral infections on
cancer risk, irrespective of treatment status.
Hence, assessing the impact of antiviral therapy
on the risk of cancer was beyond the scope of this
study and will be explored in the near future.
Despite these limitations, as reported by Allaire
et al., extra-hepatic cancers could remain the
leading cause of death in patients who achieved
SVR or with low viral replication, likely due to the
presence of acquisition risks through high-risk
behaviors.>?

In conclusion, we observed significant associa-
tions between HCV, HBV, HIV mono-infections,
co-infection, and triple infection with an elevated
risk of colorectal, liver and pancreatic cancers.
The associations could be explained by the poten-
tial oncogenic effect of viruses and/or underlying
risk factors (e.g. alcohol consumption) for which
these infections are surrogates. Irrespective of
underlying mechanisms, these results highlight
the need for cancer prevention and diligent clini-
cal monitoring for hepatic and extrahepatic can-
cers in infected populations.
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