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Abstract

Background

Previous studies have reported that anal cancer incidence has increased in individual coun-

tries; however, age-specific trends were not examined in detail. This study describes pooled

and country-specific anal cancer incidence trends by sex, age (all ages, <60 and 60+ years)

and histological subtype (all subtypes, squamous cell carcinoma [SCC] and adenocarci-

noma [ADC]).

Methods

Five-year incidence and population-at-risk data were obtained from IARC’s Cancer Inci-

dence in Five Continents for the years 1988–1992 to 2008–2012. The standardised rate

ratios (SRRs) for 2008–2012 vs 1988–1992 and the 5-year average percent change (AvPC)

during the period were used to assess changes in the age-standardised incidence rates.

Results

During the study period, there were significant increases in the incidence of SCC in both

men and women of all age groups with significant increasing trend, and these increases

were highest in those aged <60 years (SRR = 2.34 [95% CI:2.11–2.58] in men and SRR =

2.76 [95% CI:2.54–3.00] in women). By contrast, there were significant decreases in the

incidence of ADC in men and women of all ages (SRR = 0.60 [95% CI:0.54–0.67]) and

(SRR = 0.63 [95% CI:0.56–0.71], respectively), with similar decreases in those aged <60

years and 60+ years. These competing trends still resulted in significant increases in the

overall incidence of anal cancer in men and women of all ages groups with significant

increasing trend. The SRRs in men of all ages, <60 years and 60+ years were 1.35 (95%

CI:1.28–1.42), 1.77 (95% CI:1.62–1.92) and 1.08 (95% CI:1.00–1.15), respectively. The

corresponding SRRs in women were 1.75 (95% CI:1.67–1.83), 2.31 (95% CI:2.14–2.48)

and 1.38 (95% CI 1.31–1.46), respectively.
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Conclusion

Increases in the incidence of anal SCC has driven an overall increase in anal cancer inci-

dence; this may be associated with changing sexual behaviours and increasing levels of

HPV exposure in younger cohorts. The findings further reinforce the importance of HPV

vaccination.

Introduction

Anal cancer is rare in the general population, accounting for 4% of all cancers of the lower gas-

trointestinal tract. [1] Worldwide, approximately 88% of anal cancer cases are associated with

human papillomavirus (HPV) infection [2], with HPV 16 the most commonly detected type,

followed by HPV 18. [3, 4] The two main morphologic variants in anal cancer are squamous

cell carcinoma (SCC) and adenocarcinoma (ADC). SCC represents ~70% of anal cancer cases

and shares many risk factors with cervical cancer, in particular infection with HPV; whereas

ADC is less likely to be related to HPV infection. [5, 6] The risk of anal cancer is elevated

among men with a history of receptive anal intercourse, women with a history of cervical or

vulvar cancer presumably because both are linked to exposure to oncogenic HPV infections,

and because of the potential for infections to spread between these sites [6–8], and people with

immune deficiency, including those who are infected with Human Immunodeficiency Virus

(HIV) and organ transplantation recipients. [9, 10]

Recent studies have reported that anal cancer incidence has increased for both sexes, espe-

cially in more developed regions including Canada [11], the USA [12–15], Denmark [16, 17],

Sweden [18], Southeast England [19], Scotland [20] and Australia [21]. However, there are

inconsistencies in the characteristics of tumours included in these analyses (i.e. included histo-

logical subtypes and whether or not in situ disease or SCC of the rectum were included) and

often age-specific trends were not well documented. Findings from a recent study on trends in

anal cancer incidence across all ages in 18 countries up to 2007 [22] were consistent with previ-

ous reports in the above-mentioned individual countries that reported the trends across all

ages. That study focused on reporting anal cancer incidence trends in as many countries as

possible to see whether the increase in the incidence of anal cancer seen in North America,

Europe and Oceania were also observed in other geographical areas, but did not report pooled

estimates across regions or worldwide, or age-specific trends in incidence.

We have previously reported that the incidence of another HPV-related anogenital cancer,

vulvar cancer, has increased in the last 20 years in high-income countries, potentially due to

changing sexual behaviours and increasing levels of exposure to HPV in cohorts born around/

after 1950. [23, 24] Therefore, the aim of this study was to systematically assess trends in the

incidence of anal cancer in all countries for which suitable registry data were available, and to

determine if the trends varied by sex, histological subtype, or in different age groups using the

latest available data.

Materials and methods

The current study used similar methods to previous analyses of trends in the incidence of vul-

var cancer. [23, 24]
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Data sources

Data in 5-year aggregated blocks by sex and histological subtype were obtained from IARC’s

Cancer Incidence in Five Continents (CI5) for invasive anal cancer cases diagnosed between

1988–1992 (CI5 Volume 7) and 2008–2012 (CI5 Volume 11). [25, 26] We included all cases

classified as C21 according to the 10th revision of the International Classification of Disease

(ICD-10). Histological subtypes were grouped into squamous cell carcinoma (SCC; 8050–

8076, 8083–8084, 8123–8124), adenocarcinoma (ADC; 8140–8145, 8190–8231, 8260–8263,

8310, 8401, 8480–8490, 8550–8551, 8570–8574, 8576) and all other types including other speci-

fied carcinoma, unspecified carcinoma (8010–8011), melanoma (8720–8790), other specified

malignant neoplasm and unspecified malignant neoplasm (8000–8005). [27] Unspecified

malignant neoplasms comprised <0.3% of the total cases classified as C21. Data on risk factors

for anal cancer, such as HPV or HIV status, were not available from this aggregated registry

data. Countries were included in the analysis if the available registry data fulfilled several a pri-
ori conditions regarding reliability, which consequently provided comparability of included

registries. These a priori conditions were: i) at least one jurisdictional cancer registry in the

country covered its entire catchment area and reported for the whole period from 1988 to

2012; ii) information on histological subtype was available; iii) the population at risk in each

5-year age group was available; iv) the reported incidence of SCC and ADC of the anus for the

first and the last 5-year period (i.e. 1988–1992 and 2008–2012) was not zero (as this may have

potentially indicated under-reporting associated with potential disease misclassification); and

v) no obvious signs of over-reporting associated with potential disease misclassification (e.g.

age-standardised incidence rate of anal cancer� 5 per 100,000, which may have included

ADC arising from the rectum). Since anal cancer is a rare disease we additionally calculated

pooled estimates to assess trends by combining data across the countries, whilst quantifying

statistical uncertainty by providing 95% confidence intervals for both results presented at a

country level and aggregated across countries.

Ethics approval was not sought for this study since publicly available aggregate data were

used for the analysis.

Analysis of trends in the incidence of anal cancer

Trends in anal cancer incidence were examined by sex, histology (all histology, SCC and

ADC) and age (all ages,<60 years and 60+ years) in each individual country and geographical

area, and across all the included countries. The number of anal cancer cases with unknown age

at diagnosis were minimal (0.02% of the total cases) and were excluded from the analysis. Age

60 years at diagnosis was chosen as a surrogate measure of changing sexual behaviours and

increasing HPV exposure in people born about 1950 or later. Region-specific and overall inci-

dence rates were calculated by dividing pooled case numbers by pooled population size across

a region or across all included countries.

Age-specific incidence rates of anal cancer were calculated in men and women aged 20

+ years at diagnosis and the results were stratified by birth cohort to examine trends in the

incidence rates in successive birth cohorts. Birth cohort-specific information was analysed for

cohorts born every five years between 1900 and 1988. Estimates were based on 5-year group-

ings of age at diagnosis, and 5-year diagnosis period. Age-standardised rates (ASRs) for cancer

incidence were calculated using the Segi 1960 World Standard Population. [28]

To test whether there was a significant change in the ASR for anal cancer incidence over

time, we calculated 5-year average percent change (AvPC) using ‘Joinpoint’ regression models

(Joinpoint Regression Program, Version 4.3.1.0). [29] We allowed a maximum of one join-

point over the period and obtained 95% confidence intervals (CI) for the AvPC from the
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model. We also calculated standardised rate ratios (SRR), which is the ratio of the 5-year aver-

age standardised incidence rate at the end of the period (2008–2012) relative to the rate at the

beginning of the period (1988–1992), as well as the 95% CIs for the SRRs using Poisson

approximation. [30]

Results

Review of cancer registry data

Cancer registration data from seven countries satisfied the a priori conditions for inclusion in

the analysis (Canada, USA, Denmark, France, Netherlands, UK and Australia). Population

coverage of the registries included in the analysis (as a percent of the country’s total popula-

tion) ranged from 6% (USA) to 100% (Denmark, Netherlands), with the majority covering

>40% of the population in each country (Supporting information S1 Table).

Analysis of trends in the incidence of anal cancer

The relative proportion of anal cancer that was SCC (over the whole period and across the

seven countries) tended to be lower in men than in women (59% vs. 71%), and in those aged

60+ years than in those<60 years in both men (50% vs. 72%) and women (65% vs. 82%). Cor-

respondingly, the relative proportions of ADC tended to be higher in men than in women

(32% vs. 20%), and higher in those aged 60+ years than in those<60 years in both men (41%

vs. 20%) and women (25% vs. 12%). These findings were consistent in each individual country

and when considered by geographical area, except for Canada where the relative proportion of

SCC in males was substantially smaller than in other countries (Table 1). Five-year data on the

total number of anal cancer cases and population at risk in each country are provided in the

Supporting information S2 Table.

As expected, in both men and women, the incidence of anal cancer increased with increas-

ing age for all birth cohorts examined, when combining all histological subtypes and separately

for SCC and ADC (Fig 1). Age-specific incidence rates by histological subtype and geographi-

cal area are illustrated in S1 and S2 Figs. The age-standardised incidence rates are shown in

Fig 2.

The incidence of anal cancer across all ages and histological subtypes was significantly

higher in 2008–2012 than in 1988–1992, and increased across the period under consideration

(SRR = 1.35; 5-year AvPC = 8.3% [p = 0.001] in men; SRR = 1.75; 5-year AvPC = 15.8%

[p = 0.001] in women) (Table 2). Rates increased in both those aged<60 years and 60+ years,

with significant increasing trend. The increases were highest in those aged<60 years in both

male and female. The SRR and the 5-year AvPC were significantly elevated in each geographi-

cal region in men and women of all ages and aged <60 years. Considering each country sepa-

rately, significant increases in the SRRs in 2008–2012 relative to 1988–1992 as well as the

5-year AvPC between 1988–1992 and 2008–2012 were seen in the USA, the Netherlands, the

UK and Australia, in both men and women aged<60 years. In Canada and France, the inci-

dence in male 60+ years in 2008–2012 compared to 1988–1992 decreased but the trend was

not significant.

The incidence of SCC of the anus was significantly higher in 2008–2012 compared to 1988–

1992 in men and women both aged<60 years and 60+ years, with significant increasing trend

across the countries as well as in each geographical area (Table 3). In both men and women

these increases were highest in those aged<60 years (SRR = 2.34 and SRR = 2.76, respectively).

Relatively larger increases in the SCC incidence were seen in males 60+ years and females <60

years in The Netherlands. However, excluding The Netherlands from the pooled analysis did

not change the results substantially; SRR in 2008–2012 compared to 1988–1992 changed from

Burden of anal cancer
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Table 1. Number of incident anal cancer cases by age, sex and histological subtype in selected high income countries, 1988–1992 to 2008–2012.

Continent All ages <60 years 60+ years

All subtypes SCC ADC Others All

subtypes

SCC ADC Others All subtypes SCC ADC Others

Male
(a) Overall (7 countries including Canada, USA, 4 European countries and Australia)
Overall 14515

(100%)

8549

(59%)

4702

(32%)

1264

(9%)

5813

(100%)

4213

(72%)

1166

(20%)

434 (7%) 8702 (100%) 4336

(50%)

3536

(41%)

830 (10%)

(b) By continent
North America 7279 (100%) 4012

(55%)

2670

(37%)

597 (8%) 3090

(100%)

2199

(71%)

660

(21%)

231 (7%) 4189 (100%) 1813

(43%)

2010

(48%)

366 (9%)

Europe 5160 (100%) 3295

(64%)

1377

(27%)

488 (9%) 1939

(100%)

1449

(75%)

339

(17%)

151 (8%) 3221 (100%) 1846

(57%)

1038

(32%)

337 (10%)

Oceaniaa 2076 (100%) 1242

(60%)

655

(32%)

179 (9%) 784 (100%) 565

(72%)

167

(21%)

52 (7%) 1292 (100%) 677

(52%)

488

(38%)

127 (10%)

(c) By country
Canada 3733 (100%) 1642

(44%)

1714

(46%)

377

(10%)

1362

(100%)

824

(60%)

400

(29%)

138

(10%)

2371 (100%) 818

(35%)

1314

(55%)

239 (10%)

USA 3546 (100%) 2370

(67%)

956

(27%)

220 (6%) 1728

(100%)

1375

(80%)

260

(15%)

93 (5%) 1818 (100%) 995

(55%)

696

(38%)

127 (7%)

Denmark 734 (100%) 542 (74%) 131

(18%)

61 (8%) 291 (100%) 241

(83%)

28 (10%) 22 (8%) 443 (100%) 301

(68%)

103

(23%)

39 (9%)

France 504 (100%) 308 (61%) 164

(33%)

32 (6%) 179 (100%) 131

(73%)

36 (20%) 12 (7%) 325 (100%) 177

(54%)

128

(39%)

20 (6%)

The

Netherlands

1208 (100%) 895 (74%) 234

(19%)

79 (7%) 490 (100%) 399

(81%)

63 (13%) 28 (6%) 718 (100%) 496

(69%)

171

(24%)

51 (7%)

UK 2714 (100%) 1550

(57%)

848

(31%)

316

(12%)

979 (100%) 678

(69%)

212

(22%)

89 (9%) 1735 (100%) 872

(50%)

636

(37%)

227 (13%)

Australia 2076 (100%) 1242

(60%)

655

(32%)

179 (9%) 784 (100%) 565

(72%)

167

(21%)

52 (7%) 1292 (100%) 677

(52%)

488

(38%)

127 (10%)

Female
(a) Overall (7 countries including Canada, USA, 4 European countries and Australia)
Overall 20779

(100%)

14784

(71%)

4246

(20%)

1749

(8%)

7693

(100%)

6284

(82%)

913

(12%)

496 (6%) 13086

(100%)

8500

(65%)

3333

(25%)

1253

(10%)

(b) By continent
North America 9904 (100%) 6874

(69%)

2230

(23%)

800 (8%) 3801

(100%)

3015

(79%)

529

(14%)

257 (7%) 6103 (100%) 3859

(63%)

1701

(28%)

543 (9%)

Europe 8123 (100%) 5949

(73%)

1467

(18%)

707 (9%) 2899

(100%)

2446

(84%)

280

(10%)

173 (6%) 5224 (100%) 3503

(67%)

1187

(23%)

534 (10%)

Oceaniaa 2752 (100%) 1961

(71%)

549

(20%)

242 (9%) 993 (100%) 823

(83%)

104

(10%)

66 (7%) 1759 (100%) 1138

(65%)

445

(25%)

176 (10%)

(c) By country
Canada 5133 (100%) 3339

(65%)

1283

(25%)

511

(10%)

1910

(100%)

1454

(76%)

286

(15%)

170 (9%) 3223 (100%) 1885

(58%)

997

(31%)

341 (11%)

USA 4771 (100%) 3535

(74%)

947

(20%)

289 (6%) 1891

(100%)

1561

(83%)

243

(13%)

87 (5%) 2880 (100%) 1974

(69%)

704

(24%)

202 (7%)

Denmark 1493 (100%) 1223

(82%)

147

(10%)

123 (8%) 595 (100%) 541

(91%)

24 (4%) 30 (5%) 898 (100%) 682

(76%)

123

(14%)

93 (10%)

France 1235 (100%) 1015

(82%)

150

(12%)

70 (6%) 372 (100%) 329

(88%)

32 (9%) 11 (3%) 863 (100%) 686

(79%)

118

(14%)

59 (7%)

The

Netherlands

1577 (100%) 1198

(76%)

283

(18%)

96 (6%) 623 (100%) 554

(89%)

44 (7%) 25 (4%) 954 (100%) 644

(68%)

239

(25%)

71 (7%)

UK 3818 (100%) 2513

(66%)

887

(23%)

418

(11%)

1309

(100%)

1022

(78%)

180

(14%)

107 (8%) 2509 (100%) 1491

(59%)

707

(28%)

311 (12%)

(Continued)
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1.69 (95% CI: 1.54–1.86) to 1.59 (95% CI: 1.44–1.76) in male 60+ years and from 2.76 (95% CI:

2.54–3.00) to 2.63 (95% CI: 2.41–2.86) in females <60 years across the seven countries. In a

sensitivity analysis exploring a different age cut-off of 50 years, we found the SRRs for anal

SCC incidence in both men and women were similar, but the magnitude of the increase

became smaller when using 70 years as an age cut-off (detailed results not shown).

By contrast, significant decreases in the age-standardised incidence rates of ADC of the

anus in 2008–2012 compared to 1988–1992 were observed in men and women both aged<60

years and 60+ years (~40%) across all the seven countries (Table 4) and a significant trend was

seen in men and women aged<60 years. In North America and Europe, the incidence of

ADC in male and female aged 60+ years significantly decreased.

Details of the SRRs for each 5-year period compared to 1988–1992 are found in S3–S5

Tables.

Discussion

Brief summary of the main results

We found that the relative proportion of anal cancer that is SCC tended to be lower in men

than in women, and lower in those aged 60+ years than in those aged<60 years (and vice

versa for anal ADC). We also found that the incidence of SCC more than doubled between

1988–1992 and 2008–2012, in both men and women, when pooling data from seven high-

income countries in North America, Europe and Oceania. In both men and women these

increases were highest in those aged <60 years (134% and 176%, respectively). By contrast,

there were significant decreases in the incidence of ADC in men (40%) and women (37%),

with similar decreases in those aged<60 and 60+ years. The result of these competing trends

was a significant increase in the overall incidence of anal cancer in men and women of all ages

since 1988–1992 (overall increase 35% in men and 75% in women; increase in consecutive

5-year periods of 8% and 16%, respectively).

Potential explanation for the findings

Our findings are generally consistent with previous studies, which have reported trends in the

incidence of anal cancer in the general population in the specific countries included in this

analysis. Consistent with previous studies, in our study the relative proportion of SCC was

lower in men than in women, and conversely the relative proportion of ADC was higher in

men than in women over the period considered. [14, 17, 20, 21] We found significant increases

in the incidence of SCC in both men and women across all ages in line with findings from pre-

vious studies reporting on Canada [11], the US [12–14], Denmark [17], South East England

[19], Scotland [20], and Australia [21]. In our study, although the pooled analysis showed sig-

nificant decrease in the incidence of ADC in men and women across all ages, the ADC

Table 1. (Continued)

Continent All ages <60 years 60+ years

All subtypes SCC ADC Others All

subtypes

SCC ADC Others All subtypes SCC ADC Others

Australia 2752 (100%) 1961

(71%)

549

(20%)

242 (9%) 993 (100%) 823

(83%)

104

(10%)

66 (7%) 1759 (100%) 1138

(65%)

445

(25%)

176 (10%)

SCC–squamous cell carcinoma; ADC–adenocarcinoma.
a Oceania includes Australia only.

https://doi.org/10.1371/journal.pone.0205105.t001
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incidence in around one third of individual countries appeared somewhat stable possibly due

to small sample size. Our results are consistent with, and complement, a recent publication by

Islami et al. that described trends in anal cancer incidence across all ages in 18 countries using

the IARC’s CI5 data. [22] Consistent with our findings, Islami et al. reported that the incidence

of SCC increased in both men and women in the seven countries common to those included

in our analysis, whereas the incidence of ADC decreased or was stable in most populations

studied. However, we have applied a priori quality conditions to determine which cancer regis-

tries would be included in our study, which allowed pooled estimates of the changes in the

anal cancer incidence rates across the countries over the same period to be done, thereby

reducing statistical uncertainty due to small sample size (an issue given that anal cancer is a

Fig 1. Pooled age-specific anal cancer incidence rates by birth cohort in men and women born from 1900 to 1983, for each of the five 5-yearly average rates

(1988–92, 1993–97, 1998–2002, 2003–2007, 2008–2012). SCC–squamous cell carcinoma; ADC–adenocarcinoma; M–male; F- female.

https://doi.org/10.1371/journal.pone.0205105.g001
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rare disease at the population level). We have also included additional 5 years of data, up to

2012. Therefore, overall our findings are consistent with the prior literature, but we have

extended the prior findings by updating the analysis, providing more detail on the age-specific

trends, and pooling across regions. We have also strengthened the findings by applying more

stringent requirements on the quality and representativeness of the data from included

registries.

The main risk factors for anal cancer, and for SCC in particular, are those related to infec-

tion with HPV (for example multiple sexual partners and receptive anal intercourse), immune

deficiency (i.e. HIV-positive and organ transplant recipients) and smoking. [6, 31–37] HPV is

the most important aetiological agent for anal cancer [38] and HPV DNA has been detected in

more than 80% of anal cancer cases and more than 90% of anal intraepithelial neoplasia (AIN)

cases. [3, 4] SCC is strongly associated with HPV infection, with more than 90% of SCC cases

positive for high risk HPV types (HPV 16 and 18 in particular); whereas anal ADC behaves

more like low-rectal carcinoma, with about 40% of cases being HPV-positive. [1, 39] High risk

groups for anal cancer include men who have sex with men (MSM) [36], women with a history

of other HPV-related lower genital tract disease (i.e. cervical intraepithelial neoplasia grade 3,

cervical cancer, vulvar high-grade squamous intraepithelial lesion or vulvar cancer) [35] and

Fig 2. Pooled anal cancer incidence rates in selected high income countries, by region, sex, histological subtype and age group. Note) Oceania includes Australia

only. SCC–squamous cell carcinoma; ADC–adenocarcinoma; M–male; F- female.

https://doi.org/10.1371/journal.pone.0205105.g002
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Table 2. Age-standardised anal cancer incidence rates (per 100,000 individuals), 5-year average percent change and standardised rate ratios compared to 1988–

1992 in selected high income countries: All histological types.

Sex Continent/

Country

All ages <60 years 60+ years

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

Male (a) Overall (7 countries including Canada, USA, 4 European countries and Australia)

Overall 0.63 0.85 8.3%

(6.2%,

10.4%)

P = 0.001

1.35

(1.28–1.42)

0.28 0.49 16.4%

(12.2%,

20.8%)

P = 0.001

1.77

(1.62–1.92)

3.51 3.78 2.0%

(1.0%,

2.9%)

P = 0.01

1.08

(1.00–1.15)

(b) By continent
North

America

0.76 0.97 6.9%

(1.0%,

13.2%)

P = 0.03

1.28

(1.18–1.38)

0.33 0.59 15.3%

(8.9%,

22.1%)

P = 0.004

1.77

(1.57–1.98)

4.23 4.08 0.0%

(-6.4%,

6.8%)

P = 1.0

0.97

(0.87–1.07)

Europe 0.51 0.71 9.0%

(3.4%,

15.0%)

P = 0.01

1.39

(1.27–1.51)

0.21 0.38 17.7%

(11.4%,

24.2%)

P = 0.002

1.78

(1.54–2.07)

2.93 3.38 3.1%

(-4.2%,

10.9%)

P = 0.3

1.15

(1.03–1.29)

Oceaniac 0.64 0.90 9.3%

(6.6%,

12.1%)

P = 0.001

1.41

(1.22–1.63)

0.31 0.50 15.1%

(6.0%,

24.9%)

P = 0.01

1.62

(1.30–2.02)

3.31 4.16 5.0%

(-3.9%,

14.7%)

P = 0.2

1.26

(1.04–1.51)

(c) By country

Canada 0.85 0.85 1.1%

(-8.4%,

11.5%)

P = 0.8

0.99

(0.89–1.11)

0.29 0.43 9.9%

(-2.4%,

23.7%)

P = 0.1

1.47

(1.23–1.77)

5.34 4.18 -4.4%

(-13.3%,

5.4%)

P = 0.2

0.78

(0.68–0.90)

USA 0.67 1.09 13.0%

(10.4%,

15.6%)

P = 0.0004

1.62

(1.45–1.80)

0.37 0.73 19.4%

(15.8%,

23.2%)

P = 0.0004

1.99

(1.72–2.31)

3.15 3.99 5.9%

(2.5%,

9.3%)

P = 0.01

1.27

(1.08–1.48)

Denmark 0.53 0.82 10.3%

(5.4%,

15.5%)

P = 0.01

1.54

(1.22–1.96)

0.20 0.45 16.2%

(-1.4%,

37.0%)

P = 0.1

2.29

(1.51–3.47)

3.26 3.84 4.5%

(-6.8%,

17.2%)

P = 0.3

1.18

(0.89–1.56)

France 0.69 0.59 -4.1%

(-13.8%,

6.7%)

P = 0.3

0.86

(0.64–1.16)

0.25 0.33 9.1%

(0.7%,

18.1%)

P = 0.04

1.31

(0.80–2.14)

4.18 2.68 -12.9%

(-25.8%,

2.3%)

P = 0.1

0.64

(0.44–0.93)

The

Netherlands

0.34 0.60 19.7%

(5.8%,

35.3%)

P = 0.02

1.77

(1.48–2.13)

0.17 0.31 21.9%

(2.3%,

45.3%)

P = 0.04

1.80

(1.36–2.39)

1.68 2.95 17.8%

(6.7%,

29.9%)

P = 0.01

1.75

(1.38–2.22)

UK 0.57 0.78 7.8%

(3.3%,

12.4%)

P = 0.01

1.37

(1.21–1.55)

0.24 0.43 17.8%

(11.1%,

25.0%)

P = 0.003

1.81

(1.47–2.23)

3.27 3.64 1.0%

(-5.3%,

7.7%)

P = 0.7

1.12

(0.96–1.30)

Australia 0.64 0.90 9.3%

(6.6%,

12.1%)

P = 0.001

1.41

(1.22–1.63)

0.31 0.50 15.1%

(6.0%,

24.9%)

P = 0.01

1.62

(1.30–2.02)

3.31 4.16 5.0%

(-3.9%,

14.7%)

P = 0.2

1.26

(1.04–1.51)

(Continued)
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Table 2. (Continued)

Sex Continent/

Country

All ages <60 years 60+ years

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

Female (a) Overall (7 countries including Canada, USA, 4 European countries and Australia)

Overall 0.70 1.22 15.8%

(12.0%,

19.7%)

P = 0.001

1.75

(1.67–1.83)

0.31 0.71 23.8%

(18.0%,

30.0%)

P = 0.001

2.31

(2.14–2.48)

3.88 5.37 8.9%

(3.0%,

15.2%)

P = 0.02

1.38

(1.31–1.46)

(b) By continent

North

America

0.86 1.32 13.0%

(8.1%,

18.1%)

P = 0.003

1.54

(1.44–1.65)

0.38 0.74 19.8%

(11.1%,

29.2%)

P = 0.005

1.98

(1.78–2.19)

4.75 6.00 7.2%

(1.6%,

13.1%)

P = 0.03

1.26

(1.16–1.37)

Europe 0.56 1.13 18.7%

(13.4%,

24.2%)

P = 0.001

2.02

(1.88–2.18)

0.24 0.67 27.9%

(20.3%,

35.9%)

P = 0.001

2.84

(2.51–3.21)

3.15 4.82 10.6%

(2.9%,

18.9%)

P = 0.02

1.53

(1.40–1.68)

Oceaniac 0.72 1.22 16.1%

(5.6%,

27.6%)

P = 0.02

1.70

(1.50–1.92)

0.33 0.72 25.3%

(8.8%,

44.2%)

P = 0.01

2.18

(1.79–2.66)

3.85 5.25 8.7%

(2.4%,

15.3%)

P = 0.02

1.36

(1.17–1.59)

(c) By country

Canada 0.85 1.28 12.0%

(7.3%,

16.9%)

P = 0.004

1.51

(1.37–1.66)

0.38 0.71 19.2%

(8.2%,

31.2%)

P = 0.01

1.87

(1.61–2.17)

4.64 5.89 6.4%

(3.2%,

9.6%)

P = 0.01

1.27

(1.13–1.43)

USA 0.87 1.36 13.8%

(7.8%,

20.2%)

P = 0.005

1.57

(1.43–1.72)

0.37 0.77 20.4%

(12.0%,

29.4%)

P = 0.004

2.08

(1.80–2.40)

4.87 6.10 7.7%

(-2.8%,

19.4%)

P = 0.1

1.25

(1.12–1.40)

Denmark 0.73 1.73 20.9%

(11.1%,

31.5%)

P = 0.01

2.37

(1.97–2.84)

0.37 1.07 27.2%

(8.8%,

48.7%)

P = 0.02

2.91

(2.19–3.87)

3.68 7.10 14.0%

(1.7%,

27.9%)

P = 0.0

1.93

(1.53–2.43)

France 1.05 1.40 6.9%

(0.9%,

13.3%)

P = 0.04

1.33

(1.08–1.63)

0.45 0.80 16.5%

(11.4%,

21.9%)

P = 0.0002

1.76

(1.25–2.48)

5.90 6.22 -0.2%

(-8.7%,

9.1%)

P = 0.9

1.05

(0.82–1.35)

The

Netherlands

0.30 0.68 22.9%

(20.3%,

25.5%)

P = 0.0001

2.28

(1.91–2.72)

0.10 0.44 37.8%

(24.6%,

52.3%)

P = 0.002

4.41

(3.28–5.92)

1.89 2.60 9.3%

(-0.1%,

19.5%)

P = 0.05

1.37

(1.10–1.72)

UK 0.56 1.27 21.6%

(13.9%,

29.8%)

P = 0.002

2.27

(2.04–2.52)

0.24 0.74 29.1%

(19.2%,

39.9%)

P = 0.0002

3.06

(2.56–3.66)

3.13 5.55 14.9%

(6.4%,

24.1%)

P = 0.01

1.78

(1.56–2.02)

Australia 0.72 1.22 16.1%

(5.6%,

27.6%)

P = 0.02

1.70

(1.50–1.92)

0.33 0.72 25.3%

(8.8%,

44.2%)

P = 0.01

2.18

(1.79–2.66)

3.85 5.25 8.7%

(2.4%,

15.3%)

P = 0.02

1.36

(1.17–1.59)

ASR–age standardised rate; SRR–standardised rate ratio (compared to 1988–1992); 5-year AvPC–average percent change between successive 5-year periods.
a Incidence rates were age-standardised using the Segi 1960 World Standard Population.
b 5-year average percent change in the standardised incidence rates was estimated over the period 1988–1992, 1993–1997, 1998–2002, 2003–2007 and 2008–2012.

Negative signs indicate decrease in the age-standardised rates over time.
c Oceania includes Australia only.

Note) Data are only included in the current analysis from cancer registries that reported for the entire period 1988–2012 and that also satisfied a priori conditions (see

Materials and methods). Therefore, the age-standardised incidence rate of each country reported in the above table does not necessarily correspond to each country’s

national statistics.

https://doi.org/10.1371/journal.pone.0205105.t002
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Table 3. Age-standardised incidence rates (per 100,000 individuals), 5-year average percent change and standardised rate ratios compared to 1988–1992 in selected

high income countries: Squamous cell carcinoma of the anus.

Sex Continent/

Country

All ages <60 years 60+ years

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

Male (a) Overall (7 countries including Canada, USA, 4 European countries and Australia)

Overall 0.31 0.63 18.9%

(15.6%,

22.2%)

P = 0.0003

2.00

(1.87–2.14)

0.17 0.39 23.6%

(15.9%,

31.9%)

P = 0.002

2.34

(2.11–2.58)

1.50 2.53 13.8%

(12.4%,

15.2%)

P = 0.0001

1.69

(1.54–1.86)

(b) By continent
North

America

0.37 0.68 15.4%

(9.5%,

21.7%)

P = 0.003

1.86

(1.68–2.05)

0.20 0.46 20.5%

(10.2%,

31.8%)

P = 0.007

2.28

(1.99–2.61)

1.70 2.48 8.9%

(5.6%,

12.4%)

P = 0.003

1.45

(1.26–1.68)

Europe 0.24 0.57 23.7%

(21.8%,

25.6%)

P = 0.00003

2.32

(2.07–2.59)

0.12 0.32 29.0%

(18.8%,

40.0%)

P = 0.002

2.67

(2.23–3.19)

1.27 2.59 19.1%

(13.7%,

24.7%)

P = 0.001

2.05

(1.77–2.37)

Oceaniac 0.36 0.61 17.1%

(6.9%,

28.4%)

P = 0.01

1.69

(1.41–2.03)

0.20 0.38 21.0%

(6.8%,

37.1%)

P = 0.02

1.85

(1.43–2.40)

1.63 2.49 13.2%

(1.8%,

25.8%)

P = 0.03

1.53

(1.19–1.97)

(c) By country

Canada 0.28 0.47 11.0%

(1.9%,

20.9%)

P = 0.03

1.65

(1.40–1.95)

0.14 0.28 14.1%

(-0.6%,

31.0%)

P = 0.1

1.96

(1.54–2.49)

1.43 2.01 7.4%

(0.6%,

14.7%)

P = 0.04

1.41

(1.12–1.76)

USA 0.45 0.89 18.0%

(13.0%,

23.4%)

P = 0.001

1.98

(1.75–2.24)

0.26 0.64 23.9%

(15.6%,

32.8%)

P = 0.002

2.44

(2.06–2.87)

1.98 2.95 10.0%

(7.6%,

12.5%)

P = 0.001

1.49

(1.23–1.81)

Denmark 0.34 0.69 19.7%

(13.4%,

26.3%)

P = 0.002

2.03

(1.54–2.69)

0.15 0.36 20.2%

(-4.0%,

50.4%)

P = 0.1

2.47

(1.55–3.96)

1.88 3.30 18.0%

(2.2%,

36.2%)

P = 0.03

1.75

(1.25–2.47)

France 0.24 0.48 16.4%

(5.7%,

28.1%)

P = 0.02

1.97

(1.31–2.96)

0.11 0.28 26.5%

(6.5%,

50.1%)

P = 0.02

2.53

(1.34–4.80)

1.31 2.07 7.4%

(-6.2%,

23.0%)

P = 0.2

1.58

(0.93–2.67)

The

Netherlands

0.18 0.52 37.5%

(17.2%,

61.2%)

P = 0.01

2.87

(2.31–3.57)

0.11 0.28 36.0%

(10.4%,

67.5%)

P = 0.02

2.62

(1.90–3.61)

0.78 2.45 38.7%

(23.8%,

55.5%)

P = 0.003

3.16

(2.35–4.25)

UK 0.25 0.58 20.4%

(13.4%,

27.7%)

P = 0.002

2.30

(1.95–2.71)

0.12 0.34 28.5%

(20.2%,

37.4%)

P = 0.001

2.85

(2.19–3.70)

1.35 2.57 28.5%

(20.2%,

37.4%)

P = 0.02

1.91

(1.55–2.34)

Australia 0.36 0.61 17.1%

(6.9%,

28.4%)

P = 0.01

1.69

(1.41–2.03)

0.20 0.38 21.0%

(6.8%,

37.1%)

P = 0.02

1.85

(1.43–2.40)

1.63 2.49 13.2%

(1.8%,

25.8%)

P = 0.03

1.53

(1.19–1.97)

(Continued)
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Table 3. (Continued)

Sex Continent/

Country

All ages <60 years 60+ years

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

Female (a) Overall (7 countries including Canada, USA, 4 European countries and Australia)

Overall 0.48 1.03 21.9%

(18.8%,

24.9%)

P = 0.0001

2.15

(2.04–2.26)

0.23 0.62 28.4%

(20.5%,

36.8%)

P = 0.001

2.76

(2.54–3.00)

2.51 4.28 15.2%

(7.7%,

23.2%)

P = 0.007

1.70

(1.59–1.82)

(b) By continent

North

America

0.58 1.08 17.5%

(13.6%,

21.6%)

P = 0.001

1.84

(1.71–1.98)

0.27 0.63 23.0%

(11.1%,

36.2%)

P = 0.008

2.36

(2.10–2.65)

3.16 4.70 11.9%

(4.3%,

20.0%)

P = 0.01

1.49

(1.35–1.64)

Europe 0.37 0.99 26.6%

(20.7%,

32.9%)

P = 0.001

2.67

(2.45–2.91)

0.18 0.62 33.8%

(23.4%,

45.1%)

P = 0.001

3.52

(3.07–4.03)

1.94 3.99 19.1%

(10.7%,

28.1%)

P = 0.005

2.06

(1.84–2.29)

Oceaniac 0.52 1.00 22.0%

(5.8%,

40.7%)

P = 0.02

1.92

(1.67–2.22)

0.27 0.64 30.6%

(10.0%,

55.1%)

P = 0.02

2.40

(1.94–2.97)

2.58 3.94 13.6%

(0.3%,

28.8%)

P = 0.05

1.53

(1.26–1.84)

(c) By country

Canada 0.48 0.92 17.3%

(11.1%,

23.8%)

P = 0.003

1.91

(1.70–2.14)

0.23 0.54 22.3%

(6.8%,

40.1%)

P = 0.02

2.35

(1.96–2.81)

2.53 3.99 12.2%

(7.2%,

17.3%)

P = 0.004

1.58

(1.36–1.84)

USA 0.68 1.22 17.8%

(11.9%,

24.0%)

P = 0.002

1.80

(1.63–1.98)

0.30 0.71 23.6%

(13.1%,

35.0%)

P = 0.005

2.35

(2.02–2.75)

3.75 5.39 11.7%

(-0.7%,

25.7%)

P = 0.06

1.44

(1.26–1.63)

Denmark 0.58 1.54 24.5%

(15.2%,

34.6%)

P = 0.003

2.64

(2.16–3.23)

0.32 0.99 30.0%

(7.9%,

56.6%)

P = 0.02

3.12

(2.30–4.22)

2.73 5.99 17.6%

(2.6%,

34.9%)

P = 0.03

2.19

(1.69–2.85)

France 0.72 1.26 14.2%

(7.5%,

21.2%)

P = 0.01

1.75

(1.39–2.21)

0.33 0.73 22.9%

(15.9%,

30.4%)

P = 0.002

2.19

(1.51–3.20)

3.85 5.54 7.0%

(-4.3%,

19.5%)

P = 0.1

1.44

(1.08–1.91)

The

Netherlands

0.17 0.60 35.3%

(31.1%,

39.7%)

P = 0.0001

3.54

(2.87–4.36)

0.06 0.41 46.2%

(25.8%,

69.9%)

P = 0.004

6.50

(4.65–9.09)

1.04 2.15 21.7%

(12.7%,

31.5%)

P = 0.004

2.07

(1.58–2.71)

UK 0.35 1.08 30.6%

(20.9%,

41.1%)

P = 0.002

3.07

(2.70–3.48)

0.17 0.66 35.5%

(23.9%,

48.3%)

P = 0.002

3.87

(3.16–4.72)

1.83 4.51 25.2%

(13.5%,

38.1%)

P = 0.01

2.47

(2.11–2.88)

Australia 0.52 1.00 22.0%

(5.8%,

40.7%)

P = 0.02

1.92

(1.67–2.22)

0.27 0.64 30.6%

(10.0%,

55.1%)

P = 0.02

2.40

(1.94–2.97)

2.58 3.94 13.6%

(0.3%,

28.8%)

P = 0.05

1.53

(1.26–1.84)

ASR–age standardised rate; SRR–standardised rate ratio (compared to 1988–1992); 5-year AvPC–average percent change between successive 5-year periods.
a Incidence rates were age-standardised using the Segi 1960 World Standard Population.
b 5-year average percent change in the standardised incidence rates was estimated over the period 1988–1992, 1993–1997, 1998–2002, 2003–2007 and 2008–2012.

Negative signs indicate decrease in the age-standardised rates over time.
c Oceania includes Australia only.

Note) Data are only included in the current analysis from cancer registries that reported for the entire period 1988–2012 and that also satisfied a priori conditions (see

Materials and methods). Therefore, the age-standardised incidence rate of each country reported in the above table does not necessarily correspond to each country’s

national statistics.

https://doi.org/10.1371/journal.pone.0205105.t003
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Table 4. Age-standardised incidence rates (per 100,000 individuals), 5-year average percent change and the standardised rate ratios compared to 1988–1992 in

selected high income countries: Adenocarcinoma of the anus.

Sex Continent/

Country

All ages <60 years 60+ years

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

Male (a) Overall (7 countries including Canada, USA, 4 European countries and Australia)

Overall 0.24 0.14 -10.6%

(-18.7%,

-1.7%)

P = 0.03

0.60

(0.54–0.67)

0.08 0.05 -8.2%

(-14.5%,

-1.5%)

P = 0.03

0.66

(0.54–0.81)

1.55 0.88 -11.6%

(-21.0%,

-1.0%)

P = 0.04

0.57

(0.50–0.65)

(b) By continent
North

America

0.33 0.18 -10.1%

(-27.6%,

11.5%)

P = 0.2

0.53

(0.46–0.62)

0.11 0.06 -8.0%

(-23.3%,

10.4%)

P = 0.2

0.59

(0.44–0.79)

2.16 1.10 -10.9%

(-29.7%,

12.8%)

P = 0.2

0.51

(0.43–0.61)

Europe 0.16 0.09 -15.6%

(-25.5%,

-4.4%)

P = 0.02

0.54

(0.44–0.66)

0.06 0.03 -13.4%

(-21.1%,

-4.8%)

P = 0.02

0.59

(0.40–0.88)

1.04 0.54 -16.5%

(-27.5%,

-3.9%)

P = 0.03

0.52

(0.41–0.65)

Oceaniac 0.24 0.22 -4.0%

(-15.4%,

9.0%)

P = 0.4

0.96

(0.74–1.24)

0.08 0.08 -3.6%

(-17.5%,

12.6%)

P = 0.5

0.98

(0.60–1.60)

1.47 1.39 -4.2%

(-15.2%,

8.3%)

P = 0.3

0.94

(0.70–1.28)

(c) By country

Canada 0.49 0.21 -11.7%

(-35.8%,

21.2%)

P = 0.3

0.43

(0.35–0.51)

0.14 0.06 -8.4%

(-37.4%,

33.9%)

P = 0.5

0.45

(0.31–0.67)

3.37 1.41 -12.9%

(-35.3%,

17.4%)

P = 0.2

0.42

(0.34–0.52)

USA 0.17 0.14 -4.7%

(-7.7%,

-1.6%)

P = 0.02

0.83

(0.64–1.07)

0.07 0.06 -3.0%

(-21.0%,

19.0%)

P = 0.7

0.87

(0.56–1.35)

0.97 0.78 -5.5%

(-12.8%,

2.5%)

P = 0.1

0.80

(0.58–1.11)

Denmark 0.16 0.06 -24.3%

(-43.4%,

1.3%)

P = 0.1

0.36

(0.19–0.67)

0.04 0.03 -14.9%

(-42.9%,

26.8%)

P = 0.3

0.84

(0.24–2.91)

1.13 0.27 -28.2%

(-48.5%,

0.2%)

P = 0.1

0.24

(0.11–0.50)

France 0.40 0.06 -39.5%

(-53.5%,

-21.3%)

P = 0.01

0.16

(0.08–0.29)

0.11 0.02 -36.4%

(-52.2%,

-15.3%)

P = 0.02

0.19

(0.06–0.64)

2.74 0.39 -40.8%

(-54.4%,

-23.0%)

P = 0.01

0.14

(0.07–0.29)

The

Netherlands

0.12 0.05 -21.8%

(-32.5%,

-9.3%)

P = 0.01

0.44

(0.28–0.71)

0.05 0.01 -29.1%

(-33.0%,

-25.0%)

P = 0.0003

0.27

(0.10–0.69)

0.66 0.36 -18.3%

(-32.3%,

-1.3%)

P = 0.04

0.55

(0.32–0.95)

UK 0.14 0.13 -3.0%

(-11.9%,

6.7%)

P = 0.4

0.91

(0.69–1.19)

0.05 0.05 1.4%

(-5.7%,

9.0%)

P = 0.6

0.99

(0.58–1.69)

0.87 0.75 -5.1%

(-16.6%,

7.9%)

P = 0.3

0.86

(0.63–1.19)

Australia 0.24 0.22 -4.0%

(-15.4%,

9.0%)

P = 0.4

0.96

(0.74–1.24)

0.08 0.08 -3.6%

(-17.5%,

12.6%)

P = 0.5

0.98

(0.60–1.60)

1.47 1.39 -4.2%

(-15.2%,

8.3%)

P = 0.3

0.94

(0.70–1.28)

(Continued)
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Table 4. (Continued)

Sex Continent/

Country

All ages <60 years 60+ years

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

ASRa

(1988–

1992)

ASRa

(2008–

2012)

5-year

AvPCb

(95% CI)

P value

SRR (95%

CI)

2008–2012

vs 1988–

1992

Female (a) Overall (7 countries including Canada, USA, 4 European countries and Australia)

Overall 0.16 0.10 -9.9%

(-17.6%,

-1.4%)

P = 0.03

0.63

(0.56–0.71)

0.06 0.04 -9.7%

(-17.0%,

-1.8%)

P = 0.03

0.61

(0.47–0.78)

0.96 0.61 -9.9%

(-18.9%,

0.0%)

P = 0.05

0.64

(0.56–0.73)

(b) By continent

North

America

0.22 0.11 -11.3%

(-24.9%,

4.8%)

P = 0.1

0.52

(0.44–0.62)

0.09 0.05 -10.6%

(-27.6%,

10.4%)

P = 0.2

0.50

(0.36–0.70)

1.27 0.67 -11.6%

(-25.8%,

5.2%)

P = 0.1

0.53

(0.43–0.64)

Europe 0.10 0.07 -10.7%

(-19.6%,

-0.8%)

P = 0.04

0.71

(0.57–0.88)

0.03 0.02 -13.4%

(-28.7%,

5.2%)

P = 0.1

0.71

(0.43–1.16)

0.68 0.49 -9.7%

(-16.6%,

-2.2%)

P = 0.03

0.72

(0.57–0.90)

Oceaniac 0.15 0.13 -5.2%

(-22.4%,

15.7%)

P = 0.5

0.86

(0.63–1.17)

0.04 0.04 -5.3%

(-27.5%,

23.7%)

P = 0.6

0.86

(0.42–1.75)

1.00 0.86 -5.2%

(-21.7%,

14.8%)

P = 0.4

0.86

(0.62–1.20)

(c) By country

Canada 0.31 0.15 -10.8%

(-29.0%,

12.1%)

P = 0.2

0.49

(0.39–0.61)

0.13 0.06 -9.7%

(-32.9%,

21.4%)

P = 0.4

0.48

(0.32–0.72)

1.76 0.87 -11.5%

(-30.3%,

12.4%)

P = 0.2

0.50

(0.39–0.63)

USA 0.14 0.08 -12.4%

(-18.3%,

-6.2%)

P = 0.009

0.57

(0.42–0.76)

0.06 0.03 -12.1%

(-16.1%,

-8.0%)

P = 0.003

0.57

(0.33–0.99)

0.83 0.47 -12.6%

(-21.4%,

-2.8%)

P = 0.03

0.57

(0.40–0.79)

Denmark 0.11 0.10 -5.6%

(-25.8%,

20.1%)

P = 0.5

0.93

(0.54–1.60)

0.04 0.03 -12.6%

(-42.3%,

32.5%)

P = 0.4

0.74

(0.23–2.36)

0.66 0.67 -2.6%

(-23.4%,

23.8%)

P = 0.8

1.02

(0.56–1.87)

France 0.26 0.07 -33.9%

(-49.9%,

-12.9%)

P = 0.02

0.27

(0.14–0.50)

0.10 0.04 -29.0%

(-55.7%,

13.6%)

P = 0.1

0.39

(0.12–1.22)

1.55 0.32 -36.4%

(-45.6%,

-25.6%)

P = 0.003

0.21

(0.10–0.43)

The

Netherlands

0.11 0.04 -22.8%

(-32.9%,

-11.1%)

P = 0.01

0.39

(0.24–0.61)

0.03 0.01 -19.9%

(-45.5%,

17.5%)

P = 0.2

0.41

(0.14–1.23)

0.75 0.28 -23.7%

(-30.9%,

-15.7%)

P = 0.003

0.38

(0.23–0.63)

UK 0.07 0.09 1.0%

(-20.5%,

28.3%)

P = 0.9

1.36

(0.98–1.87)

0.02 0.03 -4.0%

(-33.1%,

37.7%)

P = 0.7

1.51

(0.68–3.37)

0.46 0.61 2.4%

(-16.6%,

25.7%)

P = 0.7

1.31

(0.94–1.83)

Australia 0.15 0.13 -5.2%

(-22.4%,

15.7%)

P = 0.5

0.86

(0.63–1.17)

0.04 0.04 -5.3%

(-27.5%,

23.7%)

P = 0.6

0.86

(0.42–1.75)

1.00 0.86 -5.2%

(-21.7%,

14.8%)

P = 0.4

0.86

(0.62–1.20)

ASR–age standardised rate; SRR–standardised rate ratio (compared to 1988–1992); 5-year AvPC–average percent change between successive 5-year periods.
a Incidence rates were age-standardised using the Segi 1960 World Standard Population.
b 5-year average percent change in the standardised incidence rates was estimated over the period 1988–1992, 1993–1997, 1998–2002, 2003–2007 and 2008–2012.

Negative signs indicate decrease in the age-standardised rates over time.
c Oceania includes Australia only.

Note) Data are only included in the current analysis from cancer registries that reported for the entire period 1988–2012 and that also satisfied a priori conditions (see

Materials and methods). Therefore, the age-standardised incidence rate of each country reported in the above table does not necessarily correspond to each country’s

national statistics.

https://doi.org/10.1371/journal.pone.0205105.t004
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people with HIV infection or a history of organ transplantation. [37] A meta-analysis reported

that the standardised incidence ratio of non-AIDS cancers among HIV-infected individuals

compared to general population rates was 28 [40] and the risk of anal cancer in HIV-positive

MSM was as high as 131 per 100,000. [41]

We found marked increases in recent trends in the incidence of SCC of the anus in men

and women, both aged<60 and 60+, but particularly in those aged <60 years, where the inci-

dence rate has at least doubled over the period under examination. This is in line with previous

studies of anal cancer, [14, 17, 19] and with our previously reported results that the age-stan-

dardised incidence of vulvar cancer in women aged<60 years has significantly increased in

developed countries. [23, 24] Increases in both anal and vulvar cancer are consistent with

changing sexual behaviours (e.g. age at sexual debut and the number of sexual partners) and

thus increasing levels of HPV exposure in cohorts born around/after 1950. The attributable

fraction of HPV in anal cancer is greater than that in vulvar cancer, and this could explain why

the findings from the current paper show stronger increases than were observed for vulvar

cancer. [23, 24] Changes in anal cancer may also reflect increased exposure to HPV over time

due to other population changes in sexual behaviour, such as an increase in the number of

individuals engaging in receptive anal intercourse in both heterosexual and homosexual rela-

tionships. The increasing trends in the incidence of AIN and in situ SCC [12, 13, 17] also cor-

respond well to the increasing levels of HPV exposure and significant increases in the

incidence of SCC of the anus. We used 60 years of age as a surrogate measure of changes in

sexual behaviour, but our results were unchanged when we used age 50 years as a surrogate.

Data on HPV prevalence in older birth cohorts is very limited, making direct comparison of

HPV prevalence over time impossible, however sexual behaviour surveys provide some

insight. National surveys of sexual behaviour in Australia [42] France [43] the USA and the

UK have also reported an increasing prevalence of heterosexual anal intercourse among both

men and women born after around 1950 compared to those born earlier, although it is unclear

whether the increase reflects a true increase in the prevalence or increased willingness by

respondents to report sensitive sexual behaviour.

Some studies have suggested possible alternative mechanisms for anal HPV infection other

than anal intercourse. Among heterosexual men, prior genital HPV infection was associated

with a higher risk of a subsequent type-specific anal infection, possibly due to autoinoculation,

and the risk was independent of having sexual intercourse with female partners. [44] A large

cohort study of healthy women found that about 80% of women with both anal and cervical

infections shared at least one HPV type. In that study, anal intercourse was associated with

anal infection only among those without a concomitant cervical infection, and it was not asso-

ciated with anal HPV infection among those with anal and cervical coinfection. [45] Post-toilet

wiping behaviours have also been linked with the prevalence of anal HPV infection among

women. In a cross-sectional study, front-to-back wiping was associated with significantly

increased prevalence of anal cytological/histological abnormalities, infection with high risk

HPV types and high risk HPV co-carriage between gynaecological and anal samples, whereas

dabbing post-toilet was significantly associated with decreased prevalence of the abnormalities

and high risk HPV infection. [46] These studies suggest that these other anatomical sites act as

potential reservoirs of infection for each other, and therefore the increase in anal infections

may reflect an increase in HPV infections generally, rather than solely in the anal canal.

It is also possible that the increase we have observed in the incidence of anal cancer could

be partially due to an increase in the number of people infected with HIV. However, this

group of people comprise a relatively small proportion of the general population in these coun-

tries and the contribution of HIV infection to the anal cancer incidence on a population level

is unclear. Earlier studies reported that highly active antiretroviral therapy (HAART), which
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was widely introduced in 1996, has been associated with an increase in the incidence of anal

cancer among individuals with HIV infection, particularly among men and women aged 35–

54 via partial immune restoration and thus improved survival. [15, 47] However, early initia-

tion of antiretroviral therapy could contribute to lowering the risk of cancers in HIV-infected

population as seen in recent studies. [48, 49] Due to data limitations, we could not examine to

what extent the increases in SCC of the anus were from high risk groups with respect to behav-

iour or HIV status. A data linkage study in the USA found that the incidence of anal cancer

among people with HIV increased steeply during 1996 to 2000, reached a plateau during 2001

to 2008 and declined during 2008 to 2012. [50] However, in our analysis, the incidence of SCC

of the anus continued to increase from 2003–2007 to 2008–2012 in men and women of all age

groups, with the largest increase in men and women aged <60 years (from 109% to 134% and

from 132% to 176%, respectively), which resulted in increase in the overall anal cancer inci-

dence (from 27% to 35% in men of all ages; from 47% to 75% in women of all ages). Therefore,

although the current study could not adjust for the HIV status, it is less likely that the increase

in the number of HIV-infected people played a significant role in the increased anal cancer

incidence.

In our study, the incidence of ADC of the anus decreased in men and women of all age

groups across the seven countries, although significant decreases were not observed in each of

the individual countries, probably due to small sample size. Differing trends in the incidence

rates of anal cancer by histological subtypes may be explained by different risk factor profiles.

However, most of the known risk factors of anal cancer are strongly linked to SCC and little is

known about ADC. Epidemiological studies suggest that ADC of the anus is much less closely

related to HPV infection than SCC. [51] Since the rectum is made up of glandular cells and

not squamous cells, it has been speculated that many cases of ADC of the anus may have actu-

ally arisen from the rectum. Similarly, SCC of the rectum, although rare, is likely to be anal

cancer that has been miscoded to the rectum or overlapping anal lesions. [51] It is not known

what impact, if any, potential miscoding may have had on the trends we identified here.

In our analysis, although formal statistical analyses comparing the differences in the SRRs

between men and women were not performed, the magnitude of the SRRs (2008–2012 vs.

1988–1992), considering anal cancer overall and SCC and ADC separately, seemed to be gen-

erally comparable between men and women in each age group. A few studies have reported

that the standardised incidence rates of anal cancer were higher in women but that the rate of

increase in the incidence of anal cancer in the last few decades, either combining all histologi-

cal subtypes or SCC separately, was higher in men than in women. [12, 21] However, the dif-

ferent findings could be partially explained by either the greater rate of increase in in situ cases

(included in some earlier studies, but not here) in men than women or using the different pop-

ulation for standardisation.12, 21

Given that the age-specific incidence of anal cancer is greater in older age groups and that

the findings of this study suggest increased SCC incidence in men and women from more

recent birth cohorts, the rate of anal cancer could be expected to further increase in the future,

and case numbers would additionally be expected to increase substantially due to population

growth. The prophylactic HPV vaccine is likely to counter these effects to some extent in the

longer term, depending on the vaccination program (targeting female only vs. both male and

female, vaccination coverage, and the degree of herd immunity induced). However, a substan-

tial reduction in anal cancer cases is unlikely within the next few decades because in both men

and women incidence rates are higher in older age groups, who will not contain cohorts

offered vaccination for some time. In addition, the burden of anal cancer in men is largely con-

centrated in the MSM population, who are less likely to benefit from herd immunity induced

by HPV vaccination in females than heterosexual men [52], although some settings offer
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targeted HPV vaccination for MSM. While some countries now offer HPV vaccination to

males as well as females, this typically started later than routine vaccination targeting females.

Routine screening for anal cancer in the general population is currently not recommended

due to its low prevalence. However routine screening of selected populations has been shown

to be more promising, including digital anorectal exam, HPV testing and high-resolution ano-

scopy; however there is no consensus on the target population and modality for screening and

there is minimal clinical evidence demonstrating the efficacy of anal cancer screening. [53] A

few screening trials targeting high risk populations (i.e. HIV-positive men and women) are

underway. [54, 55] In the meantime, HPV testing and partial genotyping of anal samples

might be of benefit to some extent to select pre-cancerous/cancerous lesions associated with

HPV 16/18. [53]

In conclusion, this study systematically explored trends in anal cancer incidence by sex, age

group and histological subtype across multiple countries using data from cancer registries

where data collection for anal cancer was reliable over 25 years. The significant increases in the

incidence of SCC of the anus in both men and women are consistent with changing sexual

behaviours and increasing exposure to HPV.

Supporting information

S1 Fig. Pooled age-specific incidence of squamous cell carcinoma of the anus by birth

cohort in men and women born from 1900 to 1983, for each of the five 5-yearly average

rates (1988–92, 1993–97, 1998–2002, 2003–2007, 2008–2012).

(DOCX)

S2 Fig. Pooled age-specific incidence of adenocarcinoma of the anus by birth cohort in

men and women born from 1900 to 1983, for each of the five 5-yearly average rates (1988–

92, 1993–97, 1998–2002, 2003–2007, 2008–2012).

(DOCX)

S1 Table. Cancer registries included in the analysis.

(DOCX)

S2 Table. Number of incident anal cancer cases and size of male and female population at

risk in the cancer registries included in the analysis.

(DOCX)

S3 Table. Standardised rate ratios in the age-standardised anal cancer incidence rates (per

100,000 individuals), compared to 1988–1992, in selected high income countries: All histo-

logical types.

(DOCX)

S4 Table. Standardised rate ratios in the age-standardised anal cancer incidence rates (per

100,000 individuals), compared to 1988–1992, in selected high income countries: Squa-

mous cell carcinoma of the anus.

(DOCX)

S5 Table. Standardised rate ratios in the age-standardised anal cancer incidence rates (per

100,000 individuals), compared to 1988–1992, in selected high income countries: Adeno-

carcinoma of the anus.

(DOCX)

Burden of anal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205105 October 19, 2018 17 / 20

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205105.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205105.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205105.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205105.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205105.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205105.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205105.s007
https://doi.org/10.1371/journal.pone.0205105


Acknowledgments

We thank Dr Julia Steinberg for her advice on statistical analysis.

Author Contributions

Conceptualization: Yoon-Jung Kang, Karen Canfell.

Data curation: Yoon-Jung Kang.

Formal analysis: Yoon-Jung Kang.

Investigation: Yoon-Jung Kang.

Methodology: Yoon-Jung Kang, Megan Smith, Karen Canfell.

Supervision: Karen Canfell.

Writing – original draft: Yoon-Jung Kang.

Writing – review & editing: Megan Smith, Karen Canfell.

References
1. Clark MA, Hartley A, Geh JI. Cancer of the anal canal. Lancet Oncol. 2004 Mar; 5(3):149–57. https://

doi.org/10.1016/S1470-2045(04)01410-X PMID: 15003197

2. de Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, Forman D, et al. Global burden of cancers attribut-

able to infections in 2008: a review and synthetic analysis. Lancet Oncol. 2012 Jun; 13(6):607–15.

https://doi.org/10.1016/S1470-2045(12)70137-7 PMID: 22575588

3. Alemany L, Saunier M, Alvarado-Cabrero I, Quiros B, Salmeron J, Shin HR, et al. Human papillomavi-

rus DNA prevalence and type distribution in anal carcinomas worldwide. Int J Cancer. 2015 Jan 1; 136

(1):98–107. https://doi.org/10.1002/ijc.28963 PMID: 24817381

4. De Vuyst H, Clifford GM, Nascimento MC, Madeleine MM, Franceschi S. Prevalence and type distribu-

tion of human papillomavirus in carcinoma and intraepithelial neoplasia of the vulva, vagina and anus: a

meta-analysis. Int J Cancer. 2009 4/1/2009; 124(7):1626–36. https://doi.org/10.1002/ijc.24116 PMID:

19115209

5. Bruni L, Barrionuevo-Rosas L, Albero G, Aldea M, Serrano B, Valencia S, et al. ICO Information Centre

on HPV and Cancer (HPV Information Centre). Human Papillomavirus and Related Diseases in the

World. Summary Report 2016-02-25.

6. Daling JR, Madeleine MM, Johnson LG, Schwartz SM, Shera KA, Wurscher MA, et al. Human papillo-

mavirus, smoking, and sexual practices in the etiology of anal cancer. Cancer. 2004 7/15/2004; 101

(2):270–80. https://doi.org/10.1002/cncr.20365 PMID: 15241823

7. Rabkin CS, Biggar RJ, Melbye M, Curtis RE. Second primary cancers following anal and cervical carci-

noma: evidence of shared etiologic factors. Am J Epidemiol. 1992 Jul 01; 136(1):54–8. PMID: 1329500

8. Frisch M, Olsen JH, Melbye M. Malignancies that occur before and after anal cancer: clues to their etiol-

ogy. Am J Epidemiol. 1994 Jul 1; 140(1):12–9. PMID: 8017399

9. Chaturvedi AK, Madeleine MM, Biggar RJ, Engels EA. Risk of human papillomavirus-associated can-

cers among persons with AIDS. J Natl Cancer Inst. 2009 8/19/2009; 101(16):1120–30. https://doi.org/

10.1093/jnci/djp205 PMID: 19648510

10. Patel HS, Silver AR, Northover JM. Anal cancer in renal transplant patients. International journal of colo-

rectal disease. 2007 Jan; 22(1):1–5. https://doi.org/10.1007/s00384-005-0023-3 PMID: 16133005

11. Louchini R, Goggin P, Steben M. The evolution of HPV-related anogenital cancers reported in Quebec

—incidence rates and survival probabilities. Chronic Dis Can. 2008; 28(3):99–106. PMID: 18341764

12. Johnson LG, Madeleine MM, Newcomer LM, Schwartz SM, Daling JR. Anal cancer incidence and sur-

vival: the surveillance, epidemiology, and end results experience, 1973–2000. Cancer. 2004 Jul 15; 101

(2):281–8. https://doi.org/10.1002/cncr.20364 PMID: 15241824

13. Nelson RA, Levine AM, Bernstein L, Smith DD, Lai LL. Changing patterns of anal canal carcinoma in

the United States. J Clin Oncol. 2013 Apr 20; 31(12):1569–75. https://doi.org/10.1200/JCO.2012.45.

2524 PMID: 23509304

Burden of anal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205105 October 19, 2018 18 / 20

https://doi.org/10.1016/S1470-2045(04)01410-X
https://doi.org/10.1016/S1470-2045(04)01410-X
http://www.ncbi.nlm.nih.gov/pubmed/15003197
https://doi.org/10.1016/S1470-2045(12)70137-7
http://www.ncbi.nlm.nih.gov/pubmed/22575588
https://doi.org/10.1002/ijc.28963
http://www.ncbi.nlm.nih.gov/pubmed/24817381
https://doi.org/10.1002/ijc.24116
http://www.ncbi.nlm.nih.gov/pubmed/19115209
https://doi.org/10.1002/cncr.20365
http://www.ncbi.nlm.nih.gov/pubmed/15241823
http://www.ncbi.nlm.nih.gov/pubmed/1329500
http://www.ncbi.nlm.nih.gov/pubmed/8017399
https://doi.org/10.1093/jnci/djp205
https://doi.org/10.1093/jnci/djp205
http://www.ncbi.nlm.nih.gov/pubmed/19648510
https://doi.org/10.1007/s00384-005-0023-3
http://www.ncbi.nlm.nih.gov/pubmed/16133005
http://www.ncbi.nlm.nih.gov/pubmed/18341764
https://doi.org/10.1002/cncr.20364
http://www.ncbi.nlm.nih.gov/pubmed/15241824
https://doi.org/10.1200/JCO.2012.45.2524
https://doi.org/10.1200/JCO.2012.45.2524
http://www.ncbi.nlm.nih.gov/pubmed/23509304
https://doi.org/10.1371/journal.pone.0205105


14. Joseph DA, Miller JW, Wu X, Chen VW, Morris CR, Goodman MT, et al. Understanding the burden of

human papillomavirus-associated anal cancers in the US. Cancer. 2008 Nov 15; 113(10 Suppl):2892–

900. https://doi.org/10.1002/cncr.23744 PMID: 18980293

15. Chiao EY, Krown SE, Stier EA, Schrag D. A population-based analysis of temporal trends in the inci-

dence of squamous anal canal cancer in relation to the HIV epidemic. J Acquir Immune Defic Syndr.

2005 Dec 1; 40(4):451–5. PMID: 16280701

16. Frisch M, Melbye M, Moller H. Trends in incidence of anal cancer in Denmark. BMJ. 1993 Feb 13; 306

(6875):419–22. PMID: 8461721

17. Nielsen A, Munk C, Kjaer SK. Trends in incidence of anal cancer and high-grade anal intraepithelial

neoplasia in Denmark, 1978–2008. International Journal of Cancer. 2012 Mar 1; 130(5):1168–73.

https://doi.org/10.1002/ijc.26115 PMID: 21469144

18. Goldman S, Glimelius B, Nilsson B, Pahlman L. Incidence of anal epidermoid carcinoma in Sweden

1970–1984. Acta Chir Scand. 1989 Mar; 155(3):191–7. PMID: 2741627

19. Robinson D, Coupland V, Moller H. An analysis of temporal and generational trends in the incidence of

anal and other HPV-related cancers in Southeast England. Br J Cancer. 2009 Feb 10; 100(3):527–31.

https://doi.org/10.1038/sj.bjc.6604871 PMID: 19156144

20. Brewster DH, Bhatti LA. Increasing incidence of squamous cell carcinoma of the anus in Scotland,

1975–2002. Br J Cancer. 2006 Jul 3; 95(1):87–90. https://doi.org/10.1038/sj.bjc.6603175 PMID:

16721368

21. Jin F, Stein AN, Conway EL, Regan DG, Law M, Brotherton JM, et al. Trends in anal cancer in Australia,

1982–2005. Vaccine. 2011 1/19/2011.

22. Islami F, Ferlay J, Lortet-Tieulent J, Bray F, Jemal A. International trends in anal cancer incidence

rates. Int J Epidemiol. 2017; 46(3):924–38. https://doi.org/10.1093/ije/dyw276 PMID: 27789668

23. Barlow EL, Kang YJ, Hacker NF, Canfell K. Changing Trends in Vulvar Cancer Incidence and Mortality

Rates in Australia Since 1982. Int J Gynecol Cancer. 2015 Nov; 25(9):1683–9. https://doi.org/10.1097/

IGC.0000000000000547 PMID: 26495761

24. Kang Y, Smith M, Barlow E, Hacker N, Coffey K, Canfell K. Vulvar cancer in high income countries:

increasing burden of disease (Accepted Article, 10.1002/ijc.30900). Int J Cancer. 2017.

25. Ferlay J, Parkin DM, Curado MP. Cancer Incidence in Five Continents, Volumes I to X. Lyon, France:

International Agency for Research on Cancer; http://ci5.iarc.fr/CI5I-X/Default.aspx.

26. North AB, South CD. Cancer Incidence in Antarctica (2008–2012). In: Bray F, Colombet M, Mery L,

Piñeros M, Znaor A, Zanetti R and Ferlay J, editors. Cancer Incidence in Five Continents, Vol. XI (elec-

tronic version). Lyon: International Agency for Research on Cancer. http://ci5.iarc.fr, accessed [11/07/

2018]. 2017.

27. Ferlay J, Rous B. Cancer Incidence in Five Continents, Vol. X. IARC Scientific Publication No. 164.

Chapter 4: Histological groups. Lyon, France: International Agency for Research on Cancer 2007.

28. Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJD, Lozano R, Inoue M. Age Standardization of rates:

a new WHO standard. http://www.who.int/healthinfo/paper31.pdf: World Health Organization2001.

29. Joinpoint Regression Program, Version 4.3.1.0. April 2016. Statistical Research and Applications

Branch, National Cancer Institute.

30. Boyle P, Parkin DM. Chapter 11. Statistical Methods for Registries. In: Jensen OM, Parkin DM, Mac-

Lennan R, editors. Cancer Registration: Principles and Methods. Lyon, France: IARC Press; 1991.

31. Frisch M, Glimelius B, Van Den Brule AJ, Wohlfahrt J, Meijer CJ, Walboomers JM, et al. Sexually trans-

mitted infection as a cause of anal cancer. N Engl J Med. 1997 11/6/1997; 337(19):1350–8. https://doi.

org/10.1056/NEJM199711063371904 PMID: 9358129

32. Frisch M, Glimelius B, Wohlfahrt J, Adami HO, Melbye M. Tobacco smoking as a risk factor in anal car-

cinoma: an antiestrogenic mechanism? J Natl Cancer Inst. 1999 Apr 21; 91(8):708–15. PMID:

10218509

33. Tseng H-F, Morgenstern H, Mack TM, Peters RK. Risk factors for anal cancer: results of a population-

based case—control study. Cancer Causes & Control. 2003 Nov; 14(9):837–46.

34. Coffey K, Beral V, Green J, Reeves G, Barnes I, Million Women Study C. Lifestyle and reproductive risk

factors associated with anal cancer in women aged over 50 years. British Journal of Cancer. 2015 Apr

28; 112(9):1568–74. https://doi.org/10.1038/bjc.2015.89 PMID: 25867258

35. Stier EA, Sebring MC, Mendez AE, Ba FS, Trimble DD, Chiao EY. Prevalence of anal human papilloma-

virus infection and anal HPV-related disorders in women: a systematic review. Am J Obstet Gynecol.

2015 Sep; 213(3):278–309. https://doi.org/10.1016/j.ajog.2015.03.034 PMID: 25797230

36. Machalek DA, Poynten M, Jin F, Fairley CK, Farnsworth A, Garland SM, et al. Anal human papillomavi-

rus infection and associated neoplastic lesions in men who have sex with men: a systematic review and

Burden of anal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205105 October 19, 2018 19 / 20

https://doi.org/10.1002/cncr.23744
http://www.ncbi.nlm.nih.gov/pubmed/18980293
http://www.ncbi.nlm.nih.gov/pubmed/16280701
http://www.ncbi.nlm.nih.gov/pubmed/8461721
https://doi.org/10.1002/ijc.26115
http://www.ncbi.nlm.nih.gov/pubmed/21469144
http://www.ncbi.nlm.nih.gov/pubmed/2741627
https://doi.org/10.1038/sj.bjc.6604871
http://www.ncbi.nlm.nih.gov/pubmed/19156144
https://doi.org/10.1038/sj.bjc.6603175
http://www.ncbi.nlm.nih.gov/pubmed/16721368
https://doi.org/10.1093/ije/dyw276
http://www.ncbi.nlm.nih.gov/pubmed/27789668
https://doi.org/10.1097/IGC.0000000000000547
https://doi.org/10.1097/IGC.0000000000000547
http://www.ncbi.nlm.nih.gov/pubmed/26495761
https://doi.org/10.1002/ijc.30900
http://ci5.iarc.fr/CI5I-X/Default.aspx
http://ci5.iarc.fr
http://www.who.int/healthinfo/paper31.pdf
https://doi.org/10.1056/NEJM199711063371904
https://doi.org/10.1056/NEJM199711063371904
http://www.ncbi.nlm.nih.gov/pubmed/9358129
http://www.ncbi.nlm.nih.gov/pubmed/10218509
https://doi.org/10.1038/bjc.2015.89
http://www.ncbi.nlm.nih.gov/pubmed/25867258
https://doi.org/10.1016/j.ajog.2015.03.034
http://www.ncbi.nlm.nih.gov/pubmed/25797230
https://doi.org/10.1371/journal.pone.0205105


meta-analysis. Lancet Oncol. 2012 May; 13(5):487–500. https://doi.org/10.1016/S1470-2045(12)

70080-3 PMID: 22445259

37. Oon SF, Winter DC. Perianal condylomas, anal squamous intraepithelial neoplasms and screening: a

review of the literature. J Med Screen. 2010 2010; 17(1):44–9. https://doi.org/10.1258/jms.2009.

009058 PMID: 20356945

38. IARC. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Volume 100B. Human

Papillomaviruses. Lyon, France.2012.

39. Hoots BE, Palefsky JM, Pimenta JM, Smith JS. Human papillomavirus type distribution in anal cancer

and anal intraepithelial lesions. Int J Cancer. 2009 5/15/2009; 124(10):2375–83. https://doi.org/10.

1002/ijc.24215 PMID: 19189402

40. Shiels MS, Cole SR, Kirk GD, Poole C. A meta-analysis of the incidence of non-AIDS cancers in HIV-

infected individuals. J Acquir Immune Defic Syndr. 2009 Dec; 52(5):611–22. https://doi.org/10.1097/

QAI.0b013e3181b327ca PMID: 19770804

41. Silverberg MJ, Lau B, Justice AC, Engels E, Gill MJ, Goedert JJ, et al. Risk of anal cancer in HIV-

infected and HIV-uninfected individuals in North America. Clinical infectious diseases: an official publi-

cation of the Infectious Diseases Society of America. 2012 Apr; 54(7):1026–34.

42. de Visser RO, Smith AM, Rissel CE, Richters J, Grulich AE. Sex in Australia: heterosexual experience

and recent heterosexual encounters among a representative sample of adults. Australian & New Zea-

land Journal of Public Health. 2003 2003; 27(2):146–54.

43. Bajos N, Bozon M, Beltzer N, Laborde C, Andro A, Ferrand M, et al. Changes in sexual behaviours:

from secular trends to public health policies. Aids. 2010 May 15; 24(8):1185–91. https://doi.org/10.

1097/QAD.0b013e328336ad52 PMID: 20299962

44. Pamnani SJ, Nyitray AG, Abrahamsen M, Rollison DE, Villa LL, Lazcano-Ponce E, et al. Sequential

Acquisition of Anal Human Papillomavirus (HPV) Infection Following Genital Infection Among Men Who

Have Sex With Women: The HPV Infection in Men (HIM) Study. J Infect Dis. 2016 Oct 15; 214(8):1180–

7. https://doi.org/10.1093/infdis/jiw334 PMID: 27489298

45. Hernandez BY, McDuffie K, Zhu X, Wilkens LR, Killeen J, Kessel B, et al. Anal human papillomavirus

infection in women and its relationship with cervical infection. Cancer Epidemiology, Biomarkers & Pre-

vention. 2005 Nov; 14(11 Pt 1):2550–6.

46. Simpson S Jr., Blomfield P, Cornall A, Tabrizi SN, Blizzard L, Turner R. Front-to-back & dabbing wiping

behaviour post-toilet associated with anal neoplasia & HR-HPV carriage in women with previous HPV-

mediated gynaecological neoplasia. Cancer Epidemiol. 2016 Jun; 42:124–32. https://doi.org/10.1016/j.

canep.2016.04.001 PMID: 27107173

47. Palefsky JM. Human papillomavirus infection and anogenital neoplasia in human immunodeficiency

virus-positive men and women. J Natl Cancer Inst Monogr. 1998(23):15–20. PMID: 9709296

48. Borges AH, Neuhaus J, Babiker AG, Henry K, Jain MK, Palfreeman A, et al. Immediate Antiretroviral

Therapy Reduces Risk of Infection-Related Cancer During Early HIV Infection. Clinical infectious dis-

eases: an official publication of the Infectious Diseases Society of America. 2016 Dec 15; 63(12):1668–

76.

49. Lundgren JD, Babiker AG, Gordin F, Emery S, Grund B, Sharma S, et al. Initiation of Antiretroviral Ther-

apy in Early Asymptomatic HIV Infection. N Engl J Med. 2015 Aug 27; 373(9):795–807. https://doi.org/

10.1056/NEJMoa1506816 PMID: 26192873

50. Colon-Lopez V, Shiels MS, Machin M, Ortiz AP, Strickler H, Castle PE, et al. Anal Cancer Risk Among

People With HIV Infection in the United States. J Clin Oncol. 2018 Jan 1; 36(1):68–75. https://doi.org/

10.1200/JCO.2017.74.9291 PMID: 29140774

51. International Agency for Research on Cancer. IARC Mnographs on the evaluation of Carcinognic Risks

to Humans Volume 100B: Human Papillomaviruses. Lyon, France: IARC Press; 2009.

52. Read TR, Hocking JS, Chen MY, Donovan B, Bradshaw CS, Fairley CK. The near disappearance of

genital warts in young women 4 years after commencing a national human papillomavirus (HPV) vacci-

nation programme. Sex Transm Infect. 2011 Dec; 87(7):544–7. https://doi.org/10.1136/sextrans-2011-

050234 PMID: 21970896

53. Leeds IL, Fang SH. Anal cancer and intraepithelial neoplasia screening: A review. World journal of gas-

trointestinal surgery. 2016 Jan 27; 8(1):41–51. https://doi.org/10.4240/wjgs.v8.i1.41 PMID: 26843912

54. The Anchor Study. 2015; https://anchorstudy.org/.

55. Machalek DA, Grulich AE, Hillman RJ, Jin F, Templeton DJ, Tabrizi SN, et al. The Study of the Preven-

tion of Anal Cancer (SPANC): design and methods of a three-year prospective cohort study. BMC Pub-

lic Health. 2013 Oct 9; 13:946. https://doi.org/10.1186/1471-2458-13-946 PMID: 24107134

Burden of anal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205105 October 19, 2018 20 / 20

https://doi.org/10.1016/S1470-2045(12)70080-3
https://doi.org/10.1016/S1470-2045(12)70080-3
http://www.ncbi.nlm.nih.gov/pubmed/22445259
https://doi.org/10.1258/jms.2009.009058
https://doi.org/10.1258/jms.2009.009058
http://www.ncbi.nlm.nih.gov/pubmed/20356945
https://doi.org/10.1002/ijc.24215
https://doi.org/10.1002/ijc.24215
http://www.ncbi.nlm.nih.gov/pubmed/19189402
https://doi.org/10.1097/QAI.0b013e3181b327ca
https://doi.org/10.1097/QAI.0b013e3181b327ca
http://www.ncbi.nlm.nih.gov/pubmed/19770804
https://doi.org/10.1097/QAD.0b013e328336ad52
https://doi.org/10.1097/QAD.0b013e328336ad52
http://www.ncbi.nlm.nih.gov/pubmed/20299962
https://doi.org/10.1093/infdis/jiw334
http://www.ncbi.nlm.nih.gov/pubmed/27489298
https://doi.org/10.1016/j.canep.2016.04.001
https://doi.org/10.1016/j.canep.2016.04.001
http://www.ncbi.nlm.nih.gov/pubmed/27107173
http://www.ncbi.nlm.nih.gov/pubmed/9709296
https://doi.org/10.1056/NEJMoa1506816
https://doi.org/10.1056/NEJMoa1506816
http://www.ncbi.nlm.nih.gov/pubmed/26192873
https://doi.org/10.1200/JCO.2017.74.9291
https://doi.org/10.1200/JCO.2017.74.9291
http://www.ncbi.nlm.nih.gov/pubmed/29140774
https://doi.org/10.1136/sextrans-2011-050234
https://doi.org/10.1136/sextrans-2011-050234
http://www.ncbi.nlm.nih.gov/pubmed/21970896
https://doi.org/10.4240/wjgs.v8.i1.41
http://www.ncbi.nlm.nih.gov/pubmed/26843912
https://anchorstudy.org/
https://doi.org/10.1186/1471-2458-13-946
http://www.ncbi.nlm.nih.gov/pubmed/24107134
https://doi.org/10.1371/journal.pone.0205105

