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Incidence of cancers in people with HIV/AIDS compared with
immunosuppressed transplant recipients: a meta-analysis

Andrew E Grulich, Marina T van Leeuwen, Michael O Falster, Claire M Vajdic

Summary

Background Only a few types of cancer are recognised as being directly related to immune deficiency in people with
HIV/AIDS. Large population-based studies in transplant recipients have shown that a wider range of cancers
could be associated with immune deficiency. Our aim was to compare cancer incidence in population-based cohort
studies of people with HIV/AIDS and people immunosuppressed after solid organ transplantation.

Methods Two investigators independently identified eligible studies through searches of PubMed and reference lists.
Randome-effects meta-analyses of log standardised incidence ratios (SIRs) were calculated by type of cancer for both

immune deficient populations.

Findings Seven studies of people with HIV/AIDS (n=444172) and five of transplant recipients (n=31977) were
included. For 20 of the 28 types of cancer examined, there was a significantly increased incidence in both
populations. Most of these were cancers with a known infectious cause, including all three types of AIDS-defining
cancer, all HPV-related cancers, as well as Hodgkin’s lymphoma (HIV/AIDS meta-analysis SIR 11-03, 95% CI
8.43-14-4; transplant 3-89, 2-42-6-26), liver cancer (HIV/AIDS 5-22, 3.32-8-20; transplant 2-13, 1-16-3-91),
and stomach cancer (HIV/AIDS 1-90, 1-53-2-36; transplant 2-04, 1-49-2-.79). Most common epithelial cancers

did not occur at increased rates.

Interpretation The similarity of the pattern of increased risk of cancer in the two populations suggests that it is
immune deficiency, rather than other risk factors for cancer, that is responsible for the increased risk. Infection-related
cancer will probably become an increasingly important complication of long-term HIV infection.

Introduction

The substantial improvement in survival after HIV
infection has led to increasing public health and clinical
interest in long-term morbidities, including cancer, in
this population. Historically, the occurrence of only
three types of cancer in a person infected with HIV,
namely Kaposi's sarcoma, non-Hodgkin lymphoma,
and cervical cancer, has constituted an AIDS diagnosis.
However, in population-based cohort studies, a few
other cancers seem to occur at increased rates in people
with HIV/AIDS, including Hodgkin’s lymphoma, lip
cancer, and possibly testicular seminoma.”* An
increased incidence of several other cancer types has
also been reported, but on the basis of the largest single
study published, these have been judged as not being
associated with immune deficiency.* The investigators
postulated that lifestyle and other risk factors, and not
immune deficiency, could explain the increased risk of
these cancers.*

Studies of cancer in other immune deficient
populations, such as transplant recipients receiving
iatrogenic immune suppression, have the potential to
inform thinking about which cancers are truly
associated with immune deficiency. Specifically, because
lifestyle-related cancer risk factors probably differ
substantially between these populations, if cancer
incidence patterns are similar then it would probably
be immune deficiency that would be primarily
responsible. In the past year, two large population-based
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cohort studies have reported that a range of cancer
types apparently occurs at increased rates in recipients
of renal transplants.”® This finding demands a
reappraisal of data on the occurrence of cancer in people
with HIV/AIDS.

Our aim was to examine, using meta-analyses, cancer
incidence in published population-based studies of
people with HIV/AIDS, and organ transplant recipients,
and to compare these findings.

Methods

Search strategy and selection criteria

We followed published guidelines for meta-analyses of
observational studies.” To be eligible for inclusion,
studies had to meet the following criteria: (1) they were
cohort studies of people with HIV/AIDS, or of solid
organ transplant recipients; (2) they included mainly
adults; and (3) they collected data on incident cancer
through cancer registers in developed countries. Studies
thataccepted other cancer diagnoses without confirming
that these were notified to a cancer registry were not
included to ensure an unbiased comparison of cohort
cancer incidence rates to the general population with
standardised incidence ratios (SIRs).

Two of the authors (AEG and CMYV) searched for
articles reported up to March, 2007, in PubMed, with
combinations of the search terms “HIV”, “AIDS”,
“transplant”, “cancer”, “cohort”, and “linkage”, and a
search of reference lists of relevant papers. For people
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with HIV/AIDS, a broad search identified 69 potentially
relevant papers, 46 of which were excluded: 37 after
review of the title and nine after review of the abstract.
For transplant recipients, the broad search identified
92 papers, 84 of which were excluded after title review
and two after abstract review. Reviews were done by
AEG and CMV; disagreements were resolved by mutual
discussion and no disagreements required adjudication.
Thus, 23 papers for people with HIV/AIDS and six
papers for transplant recipients met the criteria and
were reviewed in full. There were no articles in
languages other than English which, based on the
abstract review, met the criteria. One small HIV/AIDS
study presented data that were internally contradictory
with respect to the number of cancers expected and the
SIR; contact with the author was attempted but was
unsuccessful, so the study was excluded.® For studies
that had more than one report, the most recent report
of cancer incidence for each specific cancer site was
used where there was a possibility of overlapping data.
After this exclusion, there were seven reports of cancer
incidence in people with HIV/AIDS, and five in
transplant recipients (figure 1).

HIV/AIDS

Transplant

69 potentially relevant papers identified

| 92 potentially relevant papers identified

A4

A

46 excluded
37 after review of title
9 after review of abstract

86 excluded
84 after review of title
2 after review of abstract

A

23 papers met search criteria

v

v

1 excluded because of
contradictory results

15 removed for repeated reporting

y

6 papers met search criteria

1 excluded for repeated reporting

+—

7 papers included in meta-analysis

v

5 papers included in meta-analysis

Figure 1: Study selection

Statistical analysis

For each study, we abstracted the observed and expected
number of cancer cases by cancer site or grouping of
sites; this step was done by one investigator (AEG) and
checked by two others (CMV, MOF). Frequently, the
number of expected cases was not presented, but could
be calculated by dividing the number of observed cases
by the reported SIR. Across the studies, there was some
variation in the nomenclature and grouping of cancer
sites. We used International Classification of Disease
codes when available to ensure that cancers of the same
sites were pooled.

A slightly different method of analysis was required
for AIDS-defining cancers. For studies for which the
point of cohort entry was the diagnosis of AIDS,** by
definition no follow-up was available when the cancer
diagnosis was concurrent with AIDS diagnosis. Thus,
for these studies, only data on AIDS-defining cancers
occurring in the post-AIDS period were included. For
studies for which cohort entry was HIV diagnosis, data
for the entire follow-up period were included.
Additionally, for Kaposi's sarcoma, because almost all
cases occurred in people with HIV infection in all
countries in which the studies were based, data were
only included if the report used a pre-AIDS population
rate of Kaposi's sarcoma to calculate a SIR.*?

We postulated that the cancers that occurred at
increased rates would be mostly infection-related
cancers; we thus grouped cancers by known or
suspected infectious cause." Additionally, we specifically
considered incidence rates of the most common
epithelial cancers, and other cancer types that occurred
at increased rates in one or both populations.

Study-specific SIRs for each cancer type were
calculated by dividing the number of observed cases by
the number expected, and were combined by use of
both fixed and random-effects models to estimate the
overall pooled estimates.” Tests for heterogeneity

between study results were done with Cochran’s Q

Country Period of Cohort entry Calculation of person-years Number of people with  Number of cancers
follow-up HIV/AIDS
Frisch USA, 11 regions 1980-96 AIDS registration  From 60 months before AIDS to 27 months after AIDS 302 834 with AIDS 30853 AIDS-defining
etal* 4422 non-AIDS
Grulich Australia, nationwide 1985-99 HIV or AIDS AIDS: From 60 months before to 24 months after AIDS 13067 with HIV or AIDS 441 AIDS-defining
etal registration HIV: from HIV diagnosis 196 non-AIDS
Allardice  Scotland, nationwide 1981-96 HIV registration From date of HIV until date of death or study end 2574 with HIV 138 AIDS-defining
etal® 24 non-AIDS
Dal Maso Italy, 19 regions 1985-98 AIDS registration From 60 months before AIDS to 3.5 years after AIDS 12104 with AIDS 992 AIDS-defining
etal® 170 non-AIDS
Clifford Switzerland, seven hospitals ~ 1985-2001/02  HIV or AIDS From 3 months after enrolment until death or loss to 7304 with HIV or AIDS 492 AIDS-defining
etal® diagnosis follow-up 132 non-AIDS
Newnham UK, Thames cancer registry 1985-2001 HIV registration From date of HIV or AIDS minus 30 days until date of 33190 with HIV or AIDS 1580 AIDS-defining
etal” death or study end 442 non-AIDS
Engels USA, 11 regions 1996-2002 AIDS registration  From 4 to 27 months after AIDS 375933 with AIDS 1803 AIDS-defining
etal® 563 non-AIDS
Table 1: Design features of cohort studies of cancer incidence in people with HIV/AIDS included in the meta-analysis
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Country Period of Cohort Calculation of Number of people with Number  Mean follow-up
follow-up entry person-years each organ transplant of cancers  per person
(years)
Birkeland etal® Denmark, nationwide Not statedto 1995 Transplant From transplantation 1821 kidney 209 79
Kyllonenetal®  Finland, nationwide ~ 1964-97 Transplant  From transplantation 2890 kidney 230 72
Adamietal®  Sweden, nationwide  1970-97 Transplant  From transplantation 5004 kidney, 394 liver, 692 6-8
236 heart, and 297 other
Vajdic et al® Australia, nationwide 1982-2003 Transplant  From transplantation 10180 kidney 1236 85
Villeneuve etal® Canada, nationwide =~ 1981-98 Transplant  From transplantation 11155 kidney 778 74
Table 2: Design features of cohort studies of cancer incidence in people after organ transplantation included in the meta-analysis
Frischetal Grulichetal Dal Maso et al Allardice et al Clifford et al Newnham et al Engels et al

Non-AIDS-defining cancers

Small intestine

Lip 3-10 (1-89-4-79) 2:26 (1.08-4-16)

Oral cavity and 2.93(2:54-3-38) 2:45 (0-90-5-33)

pharynxt

Oesophagus 1.60 (1-10-2-25) 211 (0-44-6-17)

Stomach 200 (1:53-2:57) 0-61(0-07-2-22) 2:25 (0-97-4-43)
)

130 (0-62-2:39) 27 (0-07-15:06

095 (0-26-2:43)

Colon 033 (0-07-0-95) (

Rectum 0-64 (0-18-1-65) 229 (0-74-5-35)
Colon and rectum 0-90 (0-77-1-05) 0-45 (0-18-0-93) 1-41(0-64-2-67)
Anus 3379 (29-48-38:55)  37-04 (17-76-68-11)  33-33(12:23-72-55)
Liver 770 (6:17-9-50) 2.73(0-56-7-97) 190 (0-39-5-55)
Pancreas 239 (1.75-3-20) 1.55(0-32-4-54) 1.57 (0-19-5-69)
Larynx 2.80 (2:32-335) 0-60 (0-02-3:32) 1.03 (0-12-3-70)
Trachea, bronchus, 450 (4-19-4-82) 1-44 (0-84-2-31) 2:44 (1-53-3-69)
and lung

Melanoma 130 (110-1-53) 134 (0-93-1-88) 0-81(0-17-2-36)

Non-melanoma skin¥ 1.51(0-82-2:53)

Breast 110 (0-93-1-30) 0-68 (0-14-1-98)

679 (4-03-1074)

113 (0-23-3-31)

Vulva and vagina

(
Uterus 0-90 (0-47-1-58) . .
Ovary 150 (0-95-2-26) 3-23(0-08-17-97) 441 (0-91-12-89)
Penis 3:90 (2:13-6-54) .
Prostate 070 (0-59-0-82) 1.06 (0-53-1-89) 116 (0-14-4-20)
Testis 176 (1.51-2-05) 146 (0.70-2:69) 1.07 (0-29-2-75)
Kidney 150 (119-1-87) 079 (0-16-2-31) 1.09 (0-22-3-19)
Bladder 0-60 (0-43-0-81) 1.06 (0-29-2-70) 0-42 (0-05-1-51)
Eye 2:00 (0-96-3-68) 172 (0-04-9-61)
Brain 3:50(2:97-4-09) 1.81(0-73-3-74) 4-44 (2:21-7-94)
Thyroid 0-80 (0-55-1-12) 0-56 (0-01-3-10) ..
Hodgkin's lymphoma  11-50 (10-61-12-45) 7-85 (4-40-12.95) 16-25 (11-85-21-74)
Multiple myeloma 2:60 (1-92-3-44) 4-17 (135-9-72) 4-84 (1-00-14-14)
Leukaemia 3-60 (3:09-4-17) 3-38(1-80-577) 5-33(2:84-9-11)
All cancers 2.70 (2:62-2.78) 163 (1-41-1-87) 2-28 (1-95-2-65)

AIDS-defining cancers§
Kaposi’s sarcoma .
21:95(13-01-34-69)

Cervix uteri 5-20 (3:81-6-93)
Non-Hodgkin 7281 (70-36-75-32) 3535 (321-6-387-8)
lymphoma

2:94(0:07-16-39)

410 (1-33-9:56)

328 (0-40-11-84)

1-69 (0-04-9-44)
107-89 (85-81-133-93) 7643 (66-53-87-38)

50-00 (16-23-116-68)

22-22 (2:69-80-27)

2:80(1:03-6-10)

070 (0-02-3-90)
417 (0-50-15-05)

357(0-43-129) 1

2:22 (0-06-12:38)
180 (1-15-2-68)

1-82 (0-22-6-57)

7-14 (2:32-16-67)
2-86 (0-35-10-32)

318 (1.74-5-34)

1.05 (0-29-270)
320 (2:17-4-54)
143 (0-46-3-33)

143 (029-4-17)
158 (0-58-3-44)
2:00 (0-24-7-22)

2-86 (0-78-7-32)
3-00 (0-62-8:77)
8 (10-67-28-45)
5-00 (0-61-18-06)
182 (0-22-6-57)
279 (2:33-3:31)

7-50 (2.75-16-32)

110 (0-40-237)

0-50 (0-06-1-81)
0-40 (0-05-1-44)
339 (0-40-12-04)

0-90 (0-49-1-51)
23-08(13-33-35-56)
5-60 (3:01-9-67)
0-80(0-16-231)
2.00 (0-65-4-67)
2.20 (1-57-3-01)

0-20 (0-02-0-72)
19-61(15-16-24-57)
0-80 (0-41-1-40)

1.00 (0-12-3-61)
3-90(0-77-10-96)
0-90 (0-29-208)
110 (0-66-1.72)
110 (0-40-2-37)
0-50 (0-10-1-46)

1.00 (0-46-1-90)
0-40 (0-01-2-23)
5-60 (3:95-7-67)
2:70 (1:00-5-94)
2:50 (1-51-3-90)
2:50 (2:27-2:74)

1.00 (0-21-2-92)
42-61(39-29-45-91)

210 (1-43-2-98)

1-90 (0-91-3-50)
1-80 (0-98-3:02)
1-90 (0-39-5-55)

1.00 (0-70-1-38)
19-63 (14-21-26-45)
3:30 (2:02-5-10)
0-70 (0-23-1-63)
270 (1-54-4-38)
2:60 (2:14-313)

1.00 (0-52-1-75)

0-80 (0-53-1-16)
4-41(0-91-12-89)
0-50 (0-06-1-81)
0-30 (0-01-1:67)
8.00 (2:18-20-48)
0-50 (0-35-0-69)
074 (034-1-41)
1.90 (1-06-3-14)

0-50 (0-10-1-46)
0-50 (0-14-1-28)
13-61 (10-65-17-14)
220 (1-10-3-94)
1.87(0-97-3-27)
170 (1-56-1-85)

(
(
(
(

3640-0(3326-0-3975-6)
530 (3:58-7-57)
22:60 (20-77-24-55)

Data are SIR (95% Cl). *Due to rounding errors in the extraction of the number of observed and expected cases, study-specific SIRs could differ to those reported in study publications. tExcludes lip and
nasopharynx. fAny measure of non-melanoma skin. SData from cohorts defined by an AIDS diagnosis included only those individuals who did not have that type of cancer at the time of AIDS.

Table 3: Cancer in people with HIV/AIDS: study specific standardised incidence ratios*
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statistic.” Due to the presence of significant hetero-
geneity in the meta-analysis SIRs for several cancer
sites for people with HIV and people with organ
transplantation, only the results for the random-effects
model are reported.

The effect of individual studies on the meta-analysis
SIRs was assessed by re-estimating the overall effect
after omitting each study. The potential for publication
bias was graphically explored through the production of
funnel plots, and tested for significance with Egger’s
test for asymmetry.”* All statistical procedures used a
two-sided significance level of 0-05, and were done with
Stata version 8.2.

Role of the funding source

There was no funding source for this study. All authors had
access to all the data. The corresponding author had final
responsibility for the decision to submit for publication.

Results

Seven reports of HIV-associated cancer risk, involving
444172 people with HIV/AIDS, were included. These
studies were done in the USA (two non-overlapping reports
from the same study), Australia, Scotland, Italy,
Switzerland, and England (table 1).>**°*" The five studies
of cancer risk in organ transplant recipients, including
31977 organ transplant recipients, were done in Denmark,

Kyllonen et al Birkeland et al

Adami et al Vajdic et al Villeneuve et al

Non-AIDS-defining cancers
Lip 22.95 (12-55-38-51)
Oral cavity and pharynxt

13-02 (10-75-15-63)
5-26 (2:27-1037)

Oesophagus

Stomach .

Small intestine 11.76 (3-21-30-12)

Colon 394 (2:10-6.74)

Rectum

Colon and rectum

Anus

Liver

Pancreas

Larynx

Trachea, bronchus, and lung .
135(028-3-93)

10-68 (8-84-12-79)
1.45 (0-72-2:59)

Melanoma .
39:10(29:20-51-27)
1-20 (0-64-2-05)

Non-melanoma skin

Breast

Vulva and vagina

Uterus

Ovary

Penis

Prostate

Testis .
4-08 (1-50-8-88)
1.63 (0-53-3-81)

Kidney 7-97 (5-00-12-07)
Bladder

Eye .
Brain . 138 (0-28-4-02)
Thyroid 809 (4-04-14-47) 0-91 (0-02-5-09)
Hodgkin’s lymphoma 8-00 (1-65-23-38)
Multiple myeloma
Leukaemia . .
All cancers 333 (2:92-379) 3-59 (3-12-4-11)
AIDS-defining cancers

Kaposi's sarcoma

Cervix uteri

Non-Hodgkin lymphoma 5-48 (2:37-10-80)

publications. tExcludes lip and nasopharynx. Any measure of non-melanoma skin.

53-33(38-10-72:62)

275 (1-50-4-61)
3:21(1:04-7-48)
230 (119-4-02)
110 (0-03-6-12)
2:30(1-49-3-40
1.90 (1.04-319
214 (1-52-2.92)
10-26 (2:79-26-26)
1-10 (0:30-2-81)
0-90 (0-25-2-31)
250 (0-52-7-31)
170 (1-:09-2-53)
1.80(0-98-3-02)

)
)

56-16 (49-75-6317)

(
100 (0-64-1-49)
(

23-91(11-94-4279)

2:00 (0-91-3-80)

110 (0-67-1:70)
2:31(0-48-6.74)
4.90 (3-26-7-09)
230 (1-40-3-55)
2:00 (0-05-11-14)
1.00 (0-40-2:06)
3-80(1:39-827
2:20(027-7-94
270 (0-99-5-88)
2:36 (1:02-4-65
4-05 (3-75-436

)
)
)
)

2:00 (0-65-4-67)
6-00 (4-38-8-03)

47-09 (41.76-52:91)

3-82(2:26-6.04)
1.84 (1-07-2:94)
172 (0-21-6-23)
2:36 (1-87-2:92)
063 (0-33-1:07)
171 (1-38-2-09)
2:77 (1-51-4-64)
319 (1:53-5-88)
121 (0-56-2-31)
2:10 (0-96-3-98)
2-45 (2-00-2-97)
253 (2:08-3-05)

1.03 (0-78-134)
22:22(13-93-33-64)
174 (0-92-2-97)
115 (0-46-238)
1579 (5:79-34-37)
0-95 (0-68-1-29)
1.25(0-34-3-19)
73 (5-69-9-22)
3:33(2:40-4-50)
756 (3-46-14-36)
0-57 (0-16-1-46)
6-90 (4-69-9-80)
374 (1:51-7-71)
267 (1:38-4-67)
246 (1-57-3-66)
3:40(3-22-3:59)

208.0 (113.7-349-0)
2:50 (133-4-27)
986 (8:37-11:54)

3176 (23-86-41-45
3.07 (2:02-4-46)
156 (0-51-3-65)

2:08 (117-3-44)

1-35(1-00-1-77)

1.85(0-60-4-32)
1.08 (0-43-2-22)
174 (0-75-3-43)
210 (1.72-2-53)
190 (1-16-2-94)

1:31(0-98-1.72)

0-90 (0:33-1-95)
149 (0-60-3-07)

0-91 (0-64-1-26)

732(572-9:23)
1.98 (1:27-2-95)

125 (0-54-2-46)
5.00 (3-17-7-50)
3-60 (1-65-6-83)
3-82 (2:04-6-54)
227 (1:32-3-63)
2.48 (2-31-2-66)

1:54 (0-56-3-35)
8.87 (7-38-10-56)

)

Data are SIR (95% Cl). *Due to rounding errors in the extraction of the number of observed and expected cases, the study-specific SIRs could differ to those reported in study

Table 4: Cancer in transplant recipients: study-specific standardised incidence ratios*
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Cohort Meta-analysis SIR (95% Cl) Number Observed number Heterogenity
of studies of cancers p value

EBV-related cancers
Hodgkin’s lymphoma HIV/AIDS 11-03 (8-43-14-4) HEH 7 802 0-00

Transplant 3-89 (2:42-626) i 4 21 0-65
Non-Hodgkin HIV/AIDS* 7667 (39-4-149) —— 6 5295 000
lymphoma Transplant 8.07 (6:40-10-2) HH 4 333 0-02
HHV-8 related cancer
Kaposi's sarcoma HIV/AIDS*  3640-0 (3326-3976) m 1 494

Transplant ~ 208.0 (114-349) i 1 14 -
HBV/HCV-related cancer
Liver HIV/AIDS 522 (3:32-8-20) HEH 7 133 0-01

Transplant 2:13(116-3:91) - 3 19 025
Helicobacter pylori-related cancer
Stomach HIV/AIDS 1.90 (1-53-2:36) HH 7 89 0-49

Transplant 2.04 (1-49-2-79) HEH 3 44 085

T T T
1 10 100 1000
SIR

Figure 2: Standardised incidence ratios for cancers related to infection with Epstein-Barr virus, human herpesvirus 8, hepatitis B and C virus, and

Helicobacter pylori in people with HIV/AIDS and in transplant recipients

EBV=Epstein-Barr virus. HBV=hepatitis B virus. HCV=hepatitis C virus. HHV8=human herpesvirus 8. *For AIDS-defining cancers, data from cohorts defined by an AIDS
diagnosis included only those individuals who did not have that type of cancer at the time of AIDS.

Cohort  Meta-analysis SIR (95% Cl) Number Observed number Heterogenity
of studies of cancers p value

HPV-related cancers
Cervix uteri HIV/AIDS*  5.82 (2:98-11-3) —— 6 104 0-00

Transplant 213 (1:37-3:30) il 3 22 0-67
Vulvaand HIV/AIDS 6-45 (4-07-10-2) -l 2 21 055
vagina Transplant 2276 (15-8-327) HlH 2 33 0-85
Penis HIV/AIDS 442 (2:77-7:07) = 3 21 052

Transplant 1579 (5:79-34-4) —— 1 6 -
Anus HIV/AIDS 2875 (21:6-38:3) HEH 6 303 0-03

Transplant ~ 4-85 (1.36-17-3) —a— 2 18 0-04
Oral cavity and HIV/AIDS 232 (1-65-3-25) HElH 4 238 0-07
Pharynx t Transplant  3-23 (2:40-4-35) HEH 3 49 0-37
Possibly HPV-related cancers
Non-melanoma HIV/AIDS 4-11 (1-08-16-6) A 4 121 0-00
Skin Transplant 2862 (9-39-87-2) —— 3 448 0-00
Lip HIV/AIDS 2-80 (1.91-4-11) HlH 2 30 045

Transplant ~ 30-00 (16-3-55-3) —l— 5 506 0-00
Oesophagus HIV/AIDS 162 (1.20-2-19) HEH 4 48 053

Transplant ~ 3-05 (1.87-4-98) il 3 28 028
Larynx HIV/AIDS 272 (229-3-22) [ ] 5 142 055

Transplant  1.99 (1-23-3-23) il 3 20 0-88
Eye HIV/AIDS 1.98 (1.03-3-81) —a— 2 1 092

Transplant  6.94 (3-49-13-8) —— 2 10 035

r T T 1
01 1 10 100 1000
SIR

Figure 3: Standardised incidence ratios for cancers related to, or possibly related to, human papillomavirus infection, in people with HIV/AIDS and in

transplant recipients

HPV=human papillomavirus. *For the AIDS-defining cancer (cervical cancer), data from cohorts defined by an AIDS diagnosis included only those individuals who did
not have cervical cancer at the time of AIDS. tExcluding lip and nasopharynx. +Any measure of non-melanoma skin.

Finland, Sweden, Australia, and Canada (table 2).°¢**
31050 (97%) transplant recipients received a renal graft.
The individual study estimates of cancer SIRs are shown
in table 3 and table 4.

Figure 2 shows the SIRs for cancers related to infection
with Epstein-Barr virus (EBV), human herpesvirus 8
(HHV8), hepatitis viruses B and C (HBV and HCV), and
Helicobacter pylori. Hodgkin’s and non-Hodgkin lymphoma
occurred at markedly increased rates in both populations.
The meta-analysis estimate of SIR for both Hodgkin’s and
non-Hodgkin lymphoma was higher in people with
HIV/AIDS than in transplant recipients. Based on only
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two studies,*” the meta-analysis SIR for nasopharyngeal
cancerwas2-90(95%CI1-80—4-66)inpeoplewith HIV/AIDS;
only one case of such cancer was documented in transplant
recipients.’

The meta-analysis SIR for Kaposi's sarcoma in people
with HIV/AIDS was much higher than in transplant
recipients, although the cancer occurred at markedly
increased rates in both populations (figure 2). Rates of
liver cancer were increased in both populations (figure 2),
as were rates of stomach cancer.

Figure 3 shows the SIRs for cancers related to, or
possibly related to, infection with human papillomavirus
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See Online for webappendix

Cohort Meta-analysis SIR (95% Cl) Number Observed number Heterogenity
of studies of cancers p value

Breast HIV/AIDS 1.03(0-89-1-20) 6 194 0-60

Transplant 1.15(0-98-1-36) 5 156 0-66
Prostate HIV/AIDS 070 (0-55-0-89) HEH 6 202 022

Transplant 0-97 (0-78-119) 3 98 0-82
Colon and rectum  HIV/AIDS 0-92 (0-78-1-08) 5 224 034

Transplant 169 (1:34-2-13) HH 3 185 011
Ovary HIV/AIDS 163 (0-95-2-80) 5 30 034

Transplant 155 (0-99-2-43) 3 23 0-61
Trachea, bronchus,  HIV/AIDS 272 (1-91-3-87) HilH 7 1016 0-00
and lung Transplant  2.18 (1-85-2:57) [ ] 3 234 025

r T T T 1
01 1 10 100 1000
SIR

Figure 4: Standardised incidence ratios for common epithelial cancers in people with HIV/AIDS and in transplant recipients

(HPV). Meta-analysis SIRs at each HPV-related
anogenital site were increased in both populations. For
vulval and penile cancers, the risk was substantially
lower in people with HIV/AIDS than in transplant
recipients. Conversely, for anal cancer the meta-analysis
SIR was much higher in people with HIV/AIDS than in
transplant recipients. Meta-analysis SIRs were increased
for cancers of the oral cavity and pharynx in both
populations. Although non-melanoma skin cancer
occurred at increased rates in both populations, it was
more markedly increased in transplant recipients than
in people with HIV/AIDS (figure 3). A similar pattern
was seen for lip cancer. Other possibly HPV-related
cancers were increased in both populations, including
cancer of the oesophagus, larynx, and eye (figure 3).
Most common epithelial cancers occurred at the same
rate as the general population, or were less common
(figure 4). For prostate cancer, risk was decreased in
people with HIV/AIDS, and was no different from
population rates in transplant recipients. Colorectal
cancer was not increased in people with HIV/AIDS but
was increased in transplant recipients. Breast and

ovarian cancer rates were no different from population
rates in both populations. By contrast, rates of lung
cancers were increased in both populations.

Several other cancers occurred at increased rates in
both people with HIV/AIDS and transplant recipients,
including kidney cancer, myeloma, leukaemia, and
melanoma (figure 5). A few cancers occurred at increased
rates in transplant recipients only, including cancer of
the bladder and thyroid. Cancers that occurred at
increased rates in people with HIV/AIDS only included
brain cancer and testicular cancer.

We found no statistical evidence of publication bias
(webappendix). One of the studies* contributed by far
the most cancer cases in the HIV/AIDS meta-analysis,
but the meta-analysis SIRs remained largely unchanged
when this study was excluded. The sensitivity analyses
showed that the site-specific meta-analysis SIRs were in
general robust to the exclusion of any one study from
the meta-analysis. For cancer of the testis and for anal
cancer, exclusion of one study’ would have resulted in
significantly higher meta-analysis SIRs, but the
direction of effect remained the same.

Cohort Meta-analysis SIR (95% Cl) Number Observed number Heterogenity
of studies of cancers p value
Increased in both
Kidney HIV/AIDS 150 (1.23-1-83) I 6 93 079
Transplant 6-78 (5:69-8-08) [ ] 5 197 027
Multiple myeloma HIV/AIDS 2:71(2:13-3-44) HH 6 76 078
Transplant 312 (2-13-4-57) HlH 3 31 0-67
Leukaemia HIV/AIDS 3-20 (2:51-4-09) HEH 7 235 019
Transplant 2:38(1.77-3-79) HIlH 4 51 1-00
Melanoma HIV/AIDS 124 (1-04-1-48) L 6 200 037
Transplant 234 (1.98-2.77) ] 4 148 0-41
Increased in transplant only
Bladder HIV/AIDS 075 (0-43-1:32) i 5 52 020
Transplant 2:46 (1-82-334) HEH 4 91 017
Thyroid HIV/AIDS 0-84 (0-51-1-40) [an ! 5 43 031
Transplant  5.91(4-41-7-90) HEH 5 72 030
Increased in HIV/AIDS only
Brain HIV/AIDS 218 (1-29-3-68) i 7 192 0-00
Transplant 1.02 (0-64-1-63) i 4 22 0-68
Testis HIV/AIDS 135 (1-01-1.79) HEH 7 216 016
Transplant 161 (0-69-3:79) = 2 7 0-49
r T T 1
01 1 10 100 1000
SIR

Figure 5: Standardised incidence ratios for other cancers occurring at increased rates in one or both populations
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Discussion

Our data indicate that an extensive range of cancers
occurs at increased incidence both in people with
HIV/AIDS and in transplant recipients. The pattern of
increased risk was much the same in both populations.
Many—but not all—of the cancers that occurred at
increased rates were those with a known or suspected
infectious cause. Rates of most of the common epithelial
cancers were not increased. Our meta-analysis suggests
that the range of infection-related cancers associated
with immune deficiency is much wider than previously
appreciated and that a range of infectious organisms
seems to be implicated.

EBV has been conclusively linked to certain forms
of non-Hodgkin lymphoma (including non-Hodgkin
lymphoma in immune deficient populations), to
Hodgkin’s lymphoma, and to nasopharyngeal carci-
noma. Both non-Hodgkin and Hodgkin’s lymphoma
occurred at greatly increased rates, and were more
common in people with HIV/AIDS than in transplant
recipients. Based on very limited data, rates of
nasopharyngeal cancer were slightly increased in
people with HIV/AIDS, but there were insufficient data
in transplant recipients. None of the studies included
were from the Asian countries where nasopharyngeal
cancer is common. HHVS is recognised as a necessary
cause of Kaposi's sarcoma,” and this cancer occurred at
greatly increased rates in both populations. High-risk
HPV types are recognised as necessary causes of cancer
of the cervix, as causing a large proportion of other
anogenital cancers, and causing a minority of cases of
cancer of the oral cavity and oropharynx." All of these
cancers occurred at increased rates in both populations.
Both HBV and HCV are recognised as causing liver
cancer, and this cancer occurred at increased rates in
both populations. H pylori is estimated to cause over
60% of all stomach cancer" and rates were roughly
doubled in both populations.

Some types of cancer that were increased in both
populations do not have well-accepted associations with
infectious organisms. Rates of lip cancer and
non-melanoma skin cancer were enormously increased
in transplant recipients, and were increased less
substantially in people with HIV/AIDS. High levels of
infection with epidermodysplasia verruciformis HPV
subtypes have been described in squamous cell
carcinoma of the skin in immune-suppressed
individuals, but their role in carcinogenesis is
uncertain.? HPV infection could also explain the
increased risks of cancer of the larynx and eye (largely
conjunctiva) in both populations, since these cancers
are thought to be possibly related to HPV infection."*
The increased rates of leukaemia in both populations
could indicate infection with an unknown organism.*
In renal transplant recipients, increased rates of
myeloma, and kidney and bladder cancer are also
present during and before dialysis, reflecting a cause of
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end-stage renal disease rather than a consequence of
immune deficiency.’

For most of the common epithelial cancers, including
cancer of the colon, rectum, breast, ovary, and prostate,
there was little evidence of increased risk in either
population. However, rates of lung cancer were increased
in both populations. In kidney transplant recipients, the
magnitude of the increase in lung cancer rates is much
greater after transplantation than during dialysis,’
suggesting that immune deficiency could have a direct
role. There is weak evidence of an association between
this neoplasm and HPV infection,” and our finding
suggests that further research is needed into the veracity
of this finding.

Apart from shared immune deficiency, there are
various possible explanations for the similarity in the
pattern of cancer incidence between the two populations.
One is heightened medical surveillance for cancer,
although the absence of increased risk for breast and
prostate cancer—two cancers commonly diagnosed
through screening—argues against this bias. Another
possible explanation is shared lifestyle and other cancer
risk factors. However, rates of tobacco smoking are
substantially different between these two populations,
being similar to those in the general population in
kidney transplant recipients,”* and around double
population rates in people with HIV/AIDS.” Despite
this marked difference, meta-analysis SIRs for
tobacco-related cancer were not consistently higher in
the HIV/AIDS cohorts. Differences in cancer risk
factors could nevertheless explain some differences in
cancer patterns. For example, the higher exposure to
sexually transmitted oncogenic viruses in people with
HIV/AIDS* probably explains their higher rates of
Kaposi's sarcoma and liver and anal cancer.

The two greatest strengths of our study are its
statistical power, and the comparison between two
populations that do not share lifestyle and host cancer
risk factors. We believe that the striking similarity in
patterns of increased cancer risk that we have shown
indicates that immune deficiency is the probable
explanation for the increased cancer risk. This
interpretation is by contrast with that from the largest
single study of cancer risk in people with HIV/AIDS,*
which found norelation between immune deficiency—as
measured by CD4 count at AIDS diagnosis—and risk of
most of types of cancer. We believe that CD4 count at
AIDS diagnosis could be an insensitive indicator of
association with immune deficiency. First, the relation
between cancer risk and degree of immune deficiency
might not always be linear, and could be different for
different types of cancer. For example, the striking
increase in risk of HPV-related cancers seen in
long-term transplant recipients® suggests that even
modest immune suppression, if present for long
enough, could increase the risk of these cancers.
Second, CD4 count at AIDS diagnosis might not be an
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accurate or unbiased measure of immune function at
cancer onset. The initiation of antiretroviral therapy
can lead to pronounced and prolonged increases in
immune function.”

In comparing the data between these two populations,
some limitations in the source data must be considered.
First, our data from transplant recipients came almost
exclusively from renal transplant recipients. However,
the fact that increases in cancer incidence in renal
transplant recipients are largely confined to the
post-transplant period® suggests that it is immune
suppression—rather than chronic renal disease or
dialysis—that accounts for the increased cancer risk.
Second, whereas the transplantation studies were of
fairly homogeneous design, the studies of people with
HIV/AIDS varied considerably. The bulk of the data
came from studies that followed people only after the
onset of AIDS,*" and in the era of highly active
antiretroviral therapy (HAART), these people comprise
an increasing minority of HIV-infected people. In the
studies of people with HIV/AIDS, most reports included
person-years in the 5 years before AIDS,**" but others
included only the post-AIDS period,”” and the duration
of the post-AIDS follow-up varied. Since immune
deficiency varies considerably during the natural history
of HIV infection, and is also affected by treatment, the
degree of immune deficiency probably varied across the
HIV/AIDS studies. Although most of the studies
covered both the pre-HAART and post-HAART eras,
the only study that compared non-AIDS-defining cancer
rates before and after HAART found that rates of most
non-AIDS-defining cancers did not change.” Third,
some studies did not report data covering all cancer
types. Nonetheless, there was no demonstrable
publication bias. A fourth issue concerns comparing
meta-analysis SIRs between the two populations. Since
each SIR is based on a different set of standard rates,
differences in the age and sex structure of the
populations could confound simple interpretation of
differences in meta-analysis SIRs. For that reason, we
concentrated on the interpretation of patterns of
increased risk rather than focusing on individual meta-
analysis SIRs.

About 40 years ago, Burnet proposed the immuno-
logical surveillance theory of cancer,” which postulated
that the immune system was responsible for the
recognition of specific antigens present on the surface
of cancer cells and the destruction of the emerging
cancer clone. A functional immune system was seen as
having a key role in the prevention of the emergence of
clinical malignancy. The theory predicted that immune
deficient populations should experience high rates of
cancer of all types. Clearly, this is not the case, and until
now, ithasbeen concluded thatonlya fewviral-associated
cancers are related to immune deficiency.” The
increased rates of cancers we have found at a very large
range of sites suggests a broader than previously

appreciated role for the immune system in the
prevention of cancers related to infection. If immune
deficiency is associated with such a broad range of
cancer types, then cancer is likely to become an
increasingly important cause of morbidity in people
with HIV/AIDS.
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