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Abstract

Background: The incidence of anal squamous cell carcinoma (SCC) has been steadily growing globally in the past
decade. Clinical data on anal SCC from China are rare. We conducted this study to describe the clinical and
epidemiological characteristics of anal SCC in China and explore prognostic factors of outcomes among patients
with anal SCC.

Methods: We audited demographic characteristics, relevant symptoms, risk factors, treatment modalities and outcomes
for patients diagnosed with anal SCC at 11 medical institutions in China between January 2007 and July 2018.

Results: A total of 144 patients (109 females) were diagnosed with SCC during this period. Median age at initial diagnosis
was 52.0 (interquartile range: 46.0–61.8) years. The most common symptoms were bleeding (n = 93, 64.6%), noticing a
lump (n = 49, 34.0%), and pain (n = 47, 32.6%). The proportion of patients at the American Joint Committee on Cancer
(AJCC) stages I-IV were 10 (6.9%), 22 (15.3%), 61 (42.4%) and 8 (5.6%), respectively, and AJCC stages in 43 (29.9%) patients
were unknown. Thirty-six patients (25.0%) underwent abdominoperineal resection initially. Univariable analysis showed
that T stage predicted recurrence-free survival (RFS) (Hazard ratio [HR] = 3.03, 95% Confidence interval [CI]: 1.10–8.37, p =
0.032), and age group (HR = 2.90, 95% CI: 1.12–7.49, p = 0.028), AJCC stage (HR = 4.56, 95% CI: 1.02–20.35, p = 0.046), and N
stage (HR = 3.05, 95% CI: 1.07–8.74, p = 0.038) predicted overall survival (OS).
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Conclusions: T stage was identified as prognostic factor of RFS, and age, AJCC stage, and N stage were identified as
prognostic factors of OS. Improving symptom awareness and earlier presentation among patients potentially at risk for
anal SCC should be encouraged. Familiarity with the standard treatment among health care providers in China should be
further improved.
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Background
Anal cancer is a malignancy accounting for 1–2% of di-
gestive tract tumours and 2–4% of colorectal and anal
tumours [1–3]. In the general population, anal cancer is
rare with an overall incidence rate between 1 and 2/100,
000 person-years [4]. It arises from the squamous epi-
thelium of the anal canal and/or perianal skin. Anal can-
cer can be divided histologically into different subtypes:
squamous cell carcinomas (SCC), adenocarcinoma,
adeno-squamous carcinoma and melanoma [5, 6]. In
Western countries, SCC is much more common than
adenocarcinoma. The incidence rate of SCC is steadily
increasing throughout the world including in the United
States, UK and Australia [7–11]. The main etiological
agent for anal SCC is high-risk human papillomavirus
(HPV) and hence anal receptive intercourse. HPV-
related vulvar or cervical cancer/dysplasia, Human Im-
munodeficiency Virus (HIV), history of transplantation/
chronic immunosuppression all increase its risk [9]. Pre-
vious studies also mentioned that the use of tobacco sig-
nificantly increased the risk of anal SCC [12, 13]. Men
who have sex with men (MSM) living with HIV have the
highest risk of anal SCC, with an incidence rate of 78/
100,000 person-years [14].

Before mid-1980s, the standard treatment for SCC was
abdominoperineal resection (APR), however because of
several disadvantages, such as permanent stoma, this
method as first line therapy was abandoned [3]. In 1974,
Nigro introduced combined chemoradiotherapy (CRT)
for the treatment of anal SCC [15], which was accepted
as a standard treatment after several clinical trials
proved its advantages, such as higher local control rates
and better organ preservation [16–18]. Surgery is often
used for salvage treatment in patients whose local le-
sions do not respond to treatment and can also be used
as primary treatment option when tumours arise from
anal margin and be diagnosed at stage I [3].

One of the key factors that influence the outcomes of
anal SCC is the stage at diagnosis [19, 20]. A study in
the United States indicated that the 5-year survival in
patients with a tumour size of ≤2 cm was 85%, but in pa-
tients with a tumour size of > 5 cm it was only 45% [21].
The findings from studies in France, Norway and
Australia were similar [22, 23]. A study in Norway men-
tioned that male gender and advanced T-stage could

increase the risk of recurrence and death of anal SCC
patients [24]. A study in the United States revealed that
advanced T stage and immune marker e.g. tumour indo-
leamine 2,3 dioxygenase 1 (IDO 1) could be used as pre-
dictor of recurrence [25].
It is not clear whether the findings from studies car-

ried out in Europe or North America are generalizable
to China where literature on anal SCC is scarce. We
conducted this study to understand the clinical and epi-
demiological characteristics of anal SCC and prognostic
factors of outcomes in patients with anal SCC in China.

Methods
We audited anal SCC patients recorded in 11 medical
institutions in China between January 2007 and July
2018. (Affiliated Cancer Hospital & institute of
Guangzhou Medical University, Guangzhou Panyu Cen-
tral Hospital, The First Affiliated Hospital of Sun Yat-
sen University, Sun Yat-sen Memorial Hospital, The
Third Affiliated Hospital of Sun Yat-sen University, The
Sixth Affiliated Hospital of Sun Yat-sen University
(Guangdong Gastrointestinal Hospital), Sun Yat-sen
University Cancer Center, The Second Affiliated Hos-
pital of Zhejiang University, Union Hospital, Tongji
Medical College, Huazhong University of Science and
Technology, Nanfang Hospital, Southern Medical Uni-
versity, Guangdong General Hospital). Patients with anal
SCC were identified using the International Classifica-
tion of Disease (ICD)-10 codes of anal SCC (C 21.0–
21.8) [26]. Adenocarcinomas were excluded. In order to
understand the patients’ outcomes more clearly, we con-
ducted a follow-up audit in May 2020 to all patients.
For all identified patients, medical records were

reviewed by author PY Li for demographic information
(e.g. age of diagnosis, gender, marital status), relevant
symptoms (e.g. bleeding, pain, tenesmus, noticing a
lump, perianal itch, altered bowel habit or obstruction,
etc.), risk factors (e.g. smoking behavior, history of anal
sex, history of cancer, HIV status), information of the
tumour (e.g. location, histology, tumour size, TNM
stage, American Joint Committee on Cancer [AJCC]
stage), treatment received (e.g. chemotherapy, radiother-
apy, CRT, surgery) and outcomes. AJCC stage was deter-
mined according to the American Joint Committee on
Cancer, 7th edition [27].
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Data obtained from the medical records were summa-
rized using descriptive statistical analysis. Frequencies
and percentages were used to describe categorical vari-
ables and median and interquartile range (IQR) were
used to describe continuous variables. Chi-square test
was used to compare proportion of categorical variables.
For analysis, age was divided into two groups: ≤50 years
and >50 years. Tumour size was divided into two groups:
≤20mm and >20mm. Recurrence-free survival (RFS)
was defined as the interval between diagnosis and recur-
rence (local or distant). Overall survival (OS) was de-
fined as the interval between diagnosis and death from
any cause or last follow-up [6, 28, 29]. At the last follow-
up, patients who did not present an event of interest
were censored. Kaplan-Meier analyses were used to
evaluate RFS and OS. Cox proportional hazards regres-
sion analysis was performed to identify significant prog-
nostic factors of OS and RFS. All statistical analyses
were done using SPSS 20.0. A p value less than 0.05 was
considered to be statistically significant.
This study was approved by the Ethics Committee of

the University of New South Wales (IRB ID: HC180393)
and the Ethics Committee of the School of Public
Health, Sun Yat-sen University (IRB ID: 2018–026). Be-
cause the study was retrospective and the data was de-
identified, the informed consent requirement was
waived.

Results
A total of 144 patients were identified with anal SCC di-
agnosed between January 2007 and July 2018 (Table 1).
Most (87.5%) patients were diagnosed after 2010.
Among these patients, 109 (75.7%) were female. The
median age at initial diagnosis was 52.0 (IQR: 46.0–61.8)
years (Table 2). 91.4 and 95.4% of male and female pa-
tients were married (p = 0.637). When grouped by age at
initial diagnosis, 41.7% of patients (n = 60) were less than

or equal to 50 years, and 58.3% of patients (n = 84) were
older than 50 years.
Only one (0.7%) patient (male, 45 years old) was re-

corded as HIV positive. Four (2.8%) patients had a his-
tory of other cancers (two cervical cancers and two
vulvar cancers). Two (1.4%) patients were diagnosed
with sexually transmitted diseases (one syphilis, one had
anal intraepithelial neoplasia (AIN) 3 with syphilis and
genital warts) while being diagnosed with anal cancer.
One (0.7%) patient had a history of genital warts. Among
113 (78.5%) patients with a record of their sexual behav-
iors, no one reported a history of receptive anal inter-
course or homosexual behavior. Seventeen (11.8%)
patients were smokers (including current smokers and
ex-smokers).
Median duration of symptoms until initial diagnosis

was 90 days (IQR: 30–180 days). The most common
symptoms were bleeding (n = 93, 64.6%), noticing a lump
(n = 49, 34.0%), pain (n = 47, 32.6%), altered bowel habit
(n = 32, 22.2%), perianal itch (n = 22, 15.3%), and tenes-
mus (n = 20, 13.9%). Other symptoms (e.g. constipation
[n = 2], diarrhea [n = 4], thinner feces [n = 4], feces with
mucus [n = 4], and inguinal mass [n = 3]) also have been
observed. One patient who was diagnosed by physical
examination reported no symptom.
The median tumour size was 30.0 (IQR: 20.0–40.5)

mm. About one in four patients (n = 35, 24.3%) had
a tumour less than or equal to 20.0 mm. There were
13 (9.0%) patients diagnosed at T 1 stage, 40
(27.8%), 28 (19.4%), and 36 (25.0%) at stages T 2–4,
respectively. The frequencies and proportion of pa-
tients in N0–3 stages were 52 (36.1%), 33 (22.9%),
22 (15.3%) and 8 (5.6%), respectively. The frequen-
cies and proportion of patients in AJCC stages I-IV
were 10 (6.9%), 22 (15.3%), 61 (42.4%) and 8 (5.6%),
respectively, and AJCC stages in 43 (29.9%) patients
were unknown.

Table 1 Number of patients from participating medical institutions

Medical institution City Number of patients

Sun Yat-sen University Cancer Center Guangzhou 46

The Sixth Affiliated Hospital of Sun Yat-sen University (Guangdong Gastrointestinal Hospital) Guangzhou 28

Union Hospital, Tongji Medical College, Huazhong University of Science and Technology Wuhan 19

The First Affiliated Hospital of Sun Yat-sen University Guangzhou 14

Nanfang Hospital, Southern Medical University Guangzhou 11

Affiliated Cancer Hospital & institute of Guangzhou Medical University Guangzhou 9

The Second Affiliated Hospital of Zhejiang University Hangzhou 6

Sun Yat-sen Memorial Hospital Guangzhou 5

Guangzhou Panyu Central Hospital Guangzhou 3

Guangdong General Hospital Guangzhou 2

The Third Affiliated Hospital of Sun Yat-sen University Guangzhou 1
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Table 2 Characteristics of patients, tumour and treatment modalities by gendera

Variable All patient (N = 144)
n (%)

Females (N = 109)
n (%)

Males (N = 35)
n (%)

Part 1 Demographics

Age (Median, IQR) 52.0 (46.0–61.8) 51.0 (45.5–58.0) 60.0 (51.0–72.0)

Age (Range) 17–86 27–84 17–86

Marital status

Married 136 (94.4%) 104 (95.4%) 32 (91.4%)

Single 2 (1.4%) 1 (0.9%) 1 (2.9%)

Divorced 4 (2.8%) 3 (2.8%) 1 (2.9%)

Widowed 1 (0.7%) 0 (0%) 1 (2.9%)

Unknown 1 (0.7%) 1 (0.9%) 0 (0%)

Part 2 History of other diseases and symptoms

History of smoking

Yes 17 (11.8%) 3 (2.8%) 14 (40.0%)

No 113 (78.5%) 96 (88.1%) 17 (48.6%)

Unknown 14 (9.7%) 10 (9.2%) 4 (11.4%)

History of cervical cancer

Yes – 2 (1.8%) –

No – 89 (81.7%) –

Unknown – 18 (16.5%) –

History of vulvar cancer

Yes – 2 (1.8%) –

No – 89 (81.7%) –

Unknown – 18 (16.5%) –

History of receptive anal intercourse or homosexual behavior

Yes 0 (0%) 0 (0%) 0 (0%)

No 113 (78.5%) 88 (80.7%) 25 (71.4%)

Unknown 31 (21.5%) 21 (19.3%) 10 (28.6%)

HIV status

Positive 1 (0.7%) 0 (0%) 1 (2.9%)

Negative 120 (83.3%) 91 (83.5%) 29 (82.9%)

Unknown 23 (16.0%) 18 (16.5%) 5 (14.3%)

Altered bowel habit

Yes 32 (22.2%) 24 (22.0%) 8 (22.9%)

No 112 (77.8%) 85 (78.0%) 27 (77.1%)

Bleeding

Yes 93 (64.6%) 75 (68.8%) 18 (51.4%)

No 51 (35.4%) 34 (31.2%) 17 (48.6%)

Pain

Yes 47 (32.6%) 32 (29.4%) 15 (42.9%)

No 97 (67.4%) 77 (70.6%) 20 (57.1%)

Noticing a lump

Yes 49 (34.0%) 35 (32.1%) 14 (40.0%)

No 95 (66.0%) 74 (67.9%) 21 (60.0%)

Perianal itch
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Table 2 Characteristics of patients, tumour and treatment modalities by gendera (Continued)

Variable All patient (N = 144)
n (%)

Females (N = 109)
n (%)

Males (N = 35)
n (%)

Yes 22 (15.3%) 17 (15.6%) 5 (14.3%)

No 122 (84.7%) 92 (84.4%) 30 (85.7%)

Tenesmus

Yes 20 (13.9%) 14 (12.8%) 6 (17.1%)

No 124 (86.1%) 95 (87.2%) 29 (82.9%)

Part 3 Characteristics of tumour

Tumor site

Anal margin 14 (9.7%) 8 (7.3%) 6 (17.1%)

Anal canal 119 (82.6%) 95 (87.2%) 24 (68.6%)

Both 5 (3.5%) 3 (2.8%) 2 (5.7%)

Unknown 6 (4.2%) 3 (2.8%) 3 (8.6%)

Tumor size

≤ 20 mm 35 (24.3%) 30 (27.5%) 5 (14.3%)

> 20mm 72 (50.0%) 55 (50.5%) 17 (48.6%)

Unknown 37 (25.7%) 24 (22.0%) 13 (37.1%)

T stage

T1 13 (9.0%) 12 (11.0%) 1 (2.9%)

T2 40 (27.8%) 29 (26.6%) 11 (31.4%)

T3 28 (19.4%) 24 (22.0%) 4 (11.4%)

T4 36 (25.0%) 27 (24.8%) 9 (25.7%)

Unknown 27 (18.8%) 17 (15.6%) 10 (28.6%)

N stage

N0 52 (36.1%) 42 (38.5%) 10 (28.6%)

N1 33 (22.9%) 25 (22.9%) 8 (22.9%)

N2 22 (15.3%) 16 (14.7%) 6 (17.1%)

N3 8 (5.6%) 7 (6.4%) 1 (2.9%)

Unknown 29 (20.1%) 19 (17.4%) 10 (28.6%)

M stage

M0 110 (76.4%) 87 (79.8%) 23 (65.7%)

M1 7 (4.9) 5 (4.6%) 2 (5.7%)

Unknown 27 (18.8) 17 (15.6%) 10 (28.6%)

AJCC stage

I 10 (6.9%) 9 (8.3%) 1 (2.9%)

II 22 (15.3%) 17 (15.6%) 5 (14.3%)

III 61 (42.4%) 48 (44.0%) 13 (37.1%)

IV 8 (5.6%) 6 (5.5%) 2 (5.7%)

Unknown 43 (29.9%) 29 (26.6%) 14 (40.0%)

Part 4 SCC treatment

Chemotherapy

Yes 107 (74.3%) 82 (75.2%) 25 (71.4%)

No 30 (20.8%) 21 (19.3%) 9 (25.7%)

Unknown 7 (4.9%) 6 (5.5%) 1 (2.9%)

Radiotherapy
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As for diagnosis and treatment modalities, two pa-
tients were misdiagnosed with haemorrhoids and under-
went haemorrhoidectomy. Chemotherapy was
administered to 74.3% (n = 107) of patients, and radio-
therapy to 70.1% (n = 101) of patients. Ninety-seven
(67.4%) patients underwent CRT. Thirty-six patients
(25.0%) underwent APR initially, of which four, five,
eight, and zero patients were in AJCC stage I, II, III, and
IV, respectively, and AJCC stages of the remaining pa-
tients were unknown. Of the 36 patients who underwent
surgery initially, 24 patients had performed only APR,
and eight, three, and one patient had performed CRT,
chemotherapy, and radiotherapy after APR, respectively.
Tumour sites treated with APR were anal canal or anal
canal and margin. Fifteen (10.4%) patients were treated
with local mass resection. Only two patients underwent
local mass resection were diagnosed at stage I, and sites
of tumour were anal margin.
In the current study, seven patients were diagnosed at

M1 stage. The metastatic sites were liver in three patients,
lung in one patient, sigmoid colon, vagina, uterus, bladder,
pelvic, and retroperitoneal lymph nodes in one patient,
and left supraclavicular, vena cava and para-aortic lymph
nodes in one patient. As for treatment, two patients re-
ceived induction chemotherapy plus concurrent chemora-
diotherapy followed by adjuvant chemotherapy, two
patients underwent induction chemotherapy plus concur-
rent chemoradiotherapy, two patients received chemo-
therapy alone, and one patient did not receive any
treatment. The mainstream chemotherapy regimen was
docetaxel plus cisplatin (TP), other regiments, such as
fluorouracil plus cisplatin (PF), FOLFOX and Capox were
also involved. Among the patients diagnosed at M1 stage,
the radiation dose varied from 5400 cGy to 6000 cGy, and
the frequency of radiotherapy varied 25 to 30 times. Volu-
metric intensity modulated arc therapy (VMAT) and

intensity modulated radiotherapy (IMRT) were the most
often adopted technique. Among these patients, five died
of cancer, one survived, and one lost to follow-up.
The chemotherapy regimens were not uniform and

varied across different medical institutions. Among all
the 144 patients, TP, PF and fluorouracil (5-FU) plus mi-
tomycin were the most widely used. FOLFOX, Capox,
capecitabine monotherapy, 5-FU monotherapy, and cis-
platin monotherapy were also used in some hospitals.
Concurrent chemotherapy was applied to more than half
of the patients, and the others were treated with induc-
tion chemotherapy, adjuvant chemotherapy or both. For
radiotherapy, apart from some earlier patients who
adopted 3-dimensional conformal radiation therapy (3D-
CRT), the rest patients all adopted VMAT or IMRT
technique. Radiation dose had a wide range, fluctuating
between 3780 cGy and 7000 cGy. The median of radi-
ation dose was 5600 cGy (IQR: 5000–6000 cGy). The fre-
quency of radiotherapy varied from 21 to 35. Every
single dose, with maximum at 240 cGy and minimum at
180 cGy, was performed five times per week.
Within a median follow-up of 44months (IQR: 25–67

months), 22 patients died of anal SCC and 25 patients devel-
oped a recurrence. Estimated 5-year RFS was 79.4%, and 5-
year OS was 82.8%. The univariable analysis of RFS showed
that T stage was a significant prognostic factor of RFS (Haz-
ard ratio [HR] = 3.03, 95% Confidence interval [CI]: 1.10–
8.37, p= 0.032; Table 3; Fig. 1). The univariable analysis of
OS showed that age group (HR= 2.90, 95% CI: 1.12–7.49,
p= 0.028), AJCC stage (HR= 4.56, 95% CI: 1.02–20.35, p=
0.046), and N stage (HR= 3.05, 95% CI: 1.07–8.74, p= 0.038)
predicted OS (Table 4; Figs. 2, 3 and 4).

Discussion
Our study found that patients with anal SCC were gen-
erally diagnosed at late stages. The most common

Table 2 Characteristics of patients, tumour and treatment modalities by gendera (Continued)

Variable All patient (N = 144)
n (%)

Females (N = 109)
n (%)

Males (N = 35)
n (%)

Yes 101 (70.1%) 78 (71.6%) 23 (65.7%)

No 36 (25.0%) 25 (22.9%) 11 (31.4%)

Unknown 7 (4.9%) 6 (5.5%) 1 (2.9%)

Chemoradiotherapy

Yes 97 (67.4%) 76 (69.7%) 21 (60.0%)

No 40 (27.8%) 27 (24.8%) 13 (37.1%)

Unknown 7 (4.9%) 6 (5.5%) 1 (2.9%)

Surgical operationb

Yes 57 (39.6%) 44 (40.4%) 13 (37.1%)

No 80 (55.6%) 59 (54.1%) 21 (60.0%)

Unknown 7 (4.9%) 6 (5.5%) 1 (2.9%)
a: IQR interquartile range; AJCC American Joint Committee on Cancer; SCC squamous cell carcinomas; CRT Chemoradiotherapy
b: Surgical operation did not include surgical biopsy for diagnosis
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symptoms in patients with anal SCC were bleeding, no-
ticing a lump, and pain. Some patients did not receive
standard treatment. T stage was a significant prognostic
factor of RFS, and age, AJCC stage, and N stage were
significant prognostic factors of OS.
Anal SCC is an uncommon malignancy [7]. Although

the incidence rate has been increasing in recent years, it is
still difficult to describe the epidemiological characteristics

of anal SCC due to its rarity. To our knowledge, our study
is by far the largest study in China to describe the clinical
and epidemiological characteristics and explore the prog-
nostic factors of outcomes of anal SCC patients. Another
study included only 21 anal SCC patients with much more
anal adenocarcinomas patients [6].
The smoking rate of different genders in the current

study was consistent with the smoking rate among entire

Table 3 Cox univariable analysis for recurrence-free survival
(RFS) according to patient, tumour and treatment modalities
characteristicsa

Univariable

Variable HR (95%CI) p

Age (years) (> 50 VS. ≤50) 0.96 (0.43–2.12) 0.918

Gender (Male VS. Female) 1.29 (0.48–3.43) 0.613

AJCC stage (III or IV VS. I or II) 46.17 (0.44–4836.63) 0.106

T stage (T3 or T4 VS. T1 or T2) 3.03 (1.10–8.37) 0.032

N stage (N1-N3 VS. N0) 0.86 (0.35–2.08) 0.730

Tumor size (> 20 mm VS. ≤20mm) 0.97 (0.33–2.85) 0.960

History of smoking (Yes VS. No) 0.56 (0.13–2.37) 0.431

Chemotherapy (Yes VS. No) 0.62 (0.27–1.41) 0.250

Radiotherapy (Yes VS. No) 0.95 (0.41–2.21) 0.897

CRT (Yes VS. No) 0.75 (0.33–1.68) 0.481
a: AJCC American Joint Committee on Cancer; HR Hazard ratio; CI Confidence
interval; CRT Chemoradiotherapy

Fig. 1 Recurrence-free survival according to T stage

Table 4 Cox univariable analysis for overall survival (OS)
according to patient, tumour and treatment modalities
characteristicsa

Univariable

Variable HR (95%CI) p

Age (years) (> 50 VS. ≤50) 2.90 (1.12–7.49) 0.028

Gender (Male VS. Female) 0.83 (0.33–2.13) 0.702

AJCC stage (III or IV VS. I or II) 4.56 (1.02–20.35) 0.046

T stage (T3 or T4 VS. T1 or T2) 2.33 (0.82–6.63) 0.113

N stage (N1-N3 VS. N0) 3.05 (1.07–8.74) 0.038

Tumor size (> 20 mm VS. ≤20mm) 0.63 (0.24–1.65) 0.343

History of smoking (Yes VS. No) 1.13 (0.33–3.83) 0.848

Chemotherapy (Yes VS. No) 1.26 (0.46–3.46) 0.652

Radiotherapy (Yes VS. No) 0.81 (0.33–1.96) 0.634

Chemoradiotherapy (Yes VS. No) 0.74 (0.31–1.76) 0.488
a: AJCC American Joint Committee on Cancer; HR Hazard ratio; CI Confidence
interval; CRT Chemoradiotherapy
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Fig. 2 Overall survival according to age group

Fig. 3 Overall survival according to American Joint Committee on Cancer (AJCC) stage
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Chinese adults. In the current study, 130 patients had
the records of history of smoking. Among these 130 pa-
tients, approximate 13.1% of patients (45.2% of males
and 3.0% of females) had a history of smoking. The
smoking rate among males was much higher than that
among females. In 2010, Chinese Center for Disease
Control and Prevention carried out the Global Adult
Tobacco Survey (GATS) in China and reported that
smoking rate was 28.1% (52.9% of males and 2.4% of fe-
males) among Chinese adults [30]. The China Adult To-
bacco Survey (CATS) in 2015 found the smoking rate
was 27.7% among Chinese adults (52.1% of males and
2.7% of females), which did not change significantly from
the results reported in 2010 [31]. In the current study,
75.7% included patients were female, which resulted in
only 13.1% patients had a history of smoking.
Among 144 SCC patients, only a small proportion

were diagnosed at an early stage (10 [6.9%] at AJCC
stage I and 13 [9.0%] at T1 stage). This was similar to a
previous study of anal cancer (129 [71.7%] patients were
adenocarcinoma) in China that indicated only 7 of 126
(5.6%) patients were diagnosed at stage I [6]. However,
in the United States from 2003 to 2013, more than 30%
patients with anal SCC were diagnosed before stage II
[32]. The proportion of early diagnosis was significantly
higher than that of China. The symptoms reported in
our study were similar to those reported in previous
studies [6, 23], such as bleeding, pain, noticing a lump,
perianal itch, tenesmus, and altered bowel habit. The

median duration of symptoms was 90 days and in 39% of
patients, symptoms lasted longer than or equal to 180
days. This was presumably the reason why the median
tumour size was as large as 30 mm at diagnosis (and the
tumour of 34 (23.6%) patients were visible at diagnosis).
The long duration of symptoms until initial diagnosis
and the large tumour size at diagnosis both indicated
that patients were diagnosed too late. Together, these
findings suggest that anal SCC could be detected earlier
if individuals presented earlier to health care providers
[6, 23]. Further studies to improve the rate of early diag-
nosis of anal SCC should be conducted. Some measures
such as high resolution anoscopy (HRA), anal Papanicolau
(Pap) smears, and regular digital anorectal examination
(DARE) should be implemented in high-risk populations
to improve early diagnosis rate of anal SCC [33–38]. HRA
is identified as the gold standard for anal cancer screening
[34–36]. Anal Pap smears may increase the probability for
early diagnosis of anal lesions [37, 38]. An annual DARE
could help improve the diagnosis of anal abnormalities,
and in high risk population for anal SCC, such as MSM
living with HIV, routine implementation of DARE has
proven to be cost-effective [33, 39].
In our study we found that about two-thirds of pa-

tients received the standard treatment for anal SCC,
which was significantly higher than that reported in a
previous study carried out in 2011 by Peng et.al where
only 9.5% (2/21) received CRT. Peng et al. reported that
the reason so few received CRT was that doctors were

Fig. 4 Overall survival according to N stage
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not familiar with this method as a standard treatment of
anal SCC [6]. However, the results of our study also
showed issues including nonstandard treatment and mis-
diagnosis still existed. This pointed to the necessity of
education to raise awareness of this condition among
both patients and their health care providers, and the
importance of early diagnosis and treatment.
Clinical practice guidelines suggest that patients who

received the standard CRT could achieve a response rate
of 80–90%. The remaining 15% of patients whose re-
gional lesion do not respond to CRT can receive APR as
salvage treatment [3]. Among all 144 patients in our
study, 36 (25.0%) patients underwent APR initially. Fif-
teen (10.4%) patients were treated with local mass resec-
tion. Only two of them met the conditions for local
mass resection. Awareness of anal SCC symptoms and
treatment modalities should be further improved among
health care providers.
Anal SCC is strongly associated with HPV infection.

Recent study regarding cancer burden attributable to
HPV infection used 100% as the population-attributable
fraction of HPV in anal SCC, which meant that the au-
thors thought nearly all anal SCC were caused by HPV
infection [40]. And recent studies regarding the relation-
ship between anal SCC and HPV infection also reported
that HPV could be detected in more than 90% patients
with anal SCC [41–43]. However, only two patients in
our study were determined to be HPV positive. Most pa-
tients did not take HPV test, so the HPV infection status
were unclear for these patients. Until now, the rate of
HPV infection in anal SCC in China, which is of great
significance for the exploration of risk factors of anal
SCC, is still unknown. HPV test and HPV-related infor-
mation collection should be conducted among patients
with anal SCC in China. Previous studies also mentioned
that a prior HPV-related malignancy would increase the
risk of second cancer at sites related with HPV, espe-
cially among females [44–46]. That is to say, patients
with history of cervical, vaginal, vulvar cancers are more
likely to develop anal cancer. However, only two patients
had a history of cervical cancers, and another two pa-
tients had a history of vulvar cancer. Due to limitation of
current data, we could not explore the relationship be-
tween prior HPV-related malignancy and anal cancer,
which might be our future research direction.
In 2012, HPV 16/18 were responsible for 87.0% anal

cancer globally, and proportion rose to 95.9% for HPV
6/11/16/18/31/33/45/52/58 [47]. The HPV vaccines have
certain potential for the prevention of HPV-related anal
cancer. Between 2016 and 2018, bivalent HPV vaccine
targeting HPV types 16/18 and nonavalent HPV vaccine
targeting HPV types 6/11/16/18/31/33/45/52/58 have
been approved in mainland China [48]. However, only
right-age females can get HPV vaccine. In China in

2015, the age-standardized incidence rate (ASIR) of anal
cancer among males was higher than that among fe-
males (0.24 vs 0.17 per 100,000 person-years) [49].
Males, especially MSM, do not have routine access to
HPV immunization. Males also should be included in
HPV vaccination programs for prevention of HPV-
related cancers.
Four factors were identified as prognostic factors of

outcomes. In our current analysis, we found that ad-
vanced T stage at diagnosis was associated with shorter
RFS. Previous conducted in Norway reported that ad-
vanced T stage significantly increased the risk of recur-
rence [24]. Ghosn et al. reported that the status of the
margins and tumor size were important predictive fac-
tors of recurrence [50]. We also found that age, AJCC
stage, and N stage were identified as prognostic factors
of OS. Patients diagnosed at a later stage had poorer
prognosis which was consistent with the findings from
other studies [24, 50]. Elderly patients were more likely
have reduced OS, which was in line with the previous
study conducted in Norway [24].
Previous studies also mentioned that HPV infection

and its surrogate (i.e. p16) were strongly associated with
the outcome of anal SCC [51–54]. Compared with pa-
tients with HPV-positive/ p16-positive anal tumours, pa-
tients with HPV−/p16- tumours had significantly worse
outcome. HPV-negative/p16-negative was an independ-
ent predictor for reduced locoregional control, RFS and
OS [52, 53]. P53 expression was inversely correlated with
p16 expression, and p53 positive was an independent
prognostic factor for reduced relapse-free survival [53].
TP53 mutations occurred more frequently in HPV nega-
tive tumours, which not only was used to predict the
outcome of anal SCC, but also related to radiation ther-
apy resistance [52]. However, due to the limitation of
our data, we could not explore the relationship between
these biomarkers and outcome of anal SCC. Information
regarding these biomarkers should be collected in future
research.
Anal intercourse, a known risk factor for anal SCC, is

practiced in a significant proportion of heterosexual cou-
ples (6 to 40%) [55] and nearly all MSM couples. How-
ever, no patient in our study reported a history of
receptive anal intercourse or homosexual behaviors. This
may be a social desirability bias due to the fact that
homosexuality and anal intercourse are discriminated
against in China and people tend not to disclose their
sexual orientation and detailed sexual behaviors, espe-
cially for older people. Clinic data relevant to SCC
should include sexual behaviors and health care pro-
viders should actively collect this information. A large
proportion of patients with SCC were HIV-positive and
HIV status is associated with younger age at SCC diag-
nosis. Read et al. reported that nearly 20% (24/128) of
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patients with SCC in Australia were HIV-positive.
HIV-positive patients with SCC had smaller tumours
[23]. However, only one patient was recorded as being
HIV positive. In China nearly all HIV-positive pa-
tients are treated in designated infectious disease spe-
cialist hospitals. It is unlikely to have HIV-positive
SCC patients at cancer services. In the future, hospi-
tals treating HIV-positive people should be included
when collecting data for SCC patients. Exploring the
relationship between anal SCC and HIV status is an
interesting topic and may be the direction of our next
research. The gender ratio of male versus female in
our study was 1:3 while a study in Australia found
this ratio was 1:1. This may be because the majority
of HIV-positive SCC patients were not available at
cancer hospitals and a significant proportion of them
were MSM. The proportion of receptive anal inter-
course among Chinese females was much lower than
that among Australian females [56].
There were several limitations that need to be con-

sidered when interpreting the data. Our study was a
retrospective audit of clinical records. The rarity of
anal SCC and the lack of centralised reporting sys-
tem for anal SCC restricted our ability to find more
records which may lead to compromised representa-
tiveness of our sample. There is a lack of essential
SCC-relevant variables in the current clinical record-
ing system, including detailed sexual behaviors, HPV
testing result, HPV-related biomarkers, history of
other HPV-related cancers, and HIV status. The
tumor registration system in many medical institu-
tions did not systematically separate anal SCC from
adenocarcinoma, leading to underreported SCC pa-
tients. Meanwhile, the patients in our study were
mainly HIV-negative and female. Because of the re-
stricted population, the results of this study may not
be generalized. Our study also had several strengths.
Our study was the largest one on anal SCC in main-
land China. Another strength was the clinical re-
cords of patients were collected from 11 medical
institutions in various parts of China, which is more
representative compared with records obtained from
a single institution.

Conclusions
Our data illustrated that T stage of anal SCC was a
predictive factor of RFS, and age, AJCC stage, and N
stage were identified as prognostic factors of OS.
Among anal SCC patients, only a small fraction were
diagnosed at an early stage. The proportion of pa-
tients receiving CRT increased over the past decade.
However, the usage of CRT still needs to be im-
proved. Further research about identifying other pre-
dictive factors of outcomes e.g. biomarkers, improving

the rate of early diagnosis and improving the usage of
CRT should be conducted. More efforts are needed
to collect necessary information regarding HPV infec-
tion, biomarkers of HPV infection, history of HPV-
related cancer, and sexual behavioral from SCC
patients.

Abbreviations
SCC: Squamous cell carcinoma; ICD: International Classification of Disease;
IQR: Interquartile range; AJCC: American Joint Committee on Cancer;
RFS: Recurrence-free survival; HR: Hazard ratio; CI: Confidence interval;
CRT: Chemoradiotherapy; OS: Overall survival; HPV: Human papillomavirus;
HIV: Human Immunodeficiency Virus; MSM: Men who have sex with men;
APR: Abdominoperineal resection; AIN: Anal intraepithelial neoplasia;
TP: Docetaxel plus cisplatin; PF: Fluorouracil plus cisplatin; VMAT: Volumetric
intensity modulated arc therapy; IMRT: Intensity modulated radiotherapy; 5-
FU: Fluorouracil; 3D-CRT: 3-dimensional conformal radiation therapy;
GATS: Global Adult Tobacco Survey; CATS: China Adult Tobacco Survey;
HRA: High resolution anoscopy; Pap: Papanicolau; DARE: Digital anorectal
examination; ASIR: Age-standardized incidence rate

Acknowledgements
We extent our thanks for the following doctors for their kind support: Dr.
Guorong Zou from Guangzhou Panyu Central Hospital, Dr. Hui Lin from
Guangdong General Hospital, Dr. Huang Yong from the Third Affiliated
Hospital of Sun Yat-sen University, and Dr. Ye Zhao from Cancer Center,
Union Hospital, Tongji Medical College, Huazhong University of Science and
Technology.

Authors’ contributions
ZH, GY, and HM conceived and designed this research; LY, WX, LP, and ZT
wrote the manuscript; LP, ZJ, RY, DY, PH, WQ, and YK collected, analyzed and
interpreted the data. JO, CF, and AG revised and edited the manuscript. All
authors read and approved the final version of the manuscript.

Funding
This work was supported by The Fund of National Natural Science
Foundation of China [7191101234, 81172152, 81872470, 81572952 and
81672987]; Australian National Health and Medical Research Council Early
Career Fellowship [APP1092621]; Sanming Project of Medicine in Shenzhen,
China [SZSM201811071]; Guangdong Natural Science Funds for
Distinguished Young Scholar, China [2015A030306015]; Guangdong Program
for Support of Top-notch Young Professionals, China [2015TQ01R279]. The
funding bodies played no role in the design of the study and collection, ana-
lysis, and interpretation of data and in writing the manuscript.

Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding authors on reasonable request.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the University of New
South Wales (IRB ID: HC180393) and the Ethics Committee of the School of
Public Health, Sun Yat-sen University (IRB ID: 2018–026). Because the study
was retrospective and the data was de-identified, the informed consent re-
quirement was waived.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1School of Public Health, Sun Yat-sen University, Guangzhou 510080, China.
2Sun Yat-sen University Cancer Center; State Key Laboratory of Oncology in
South China, Collaborative Innovation Center for Cancer Medicine,
Guangzhou 510080, China. 3Cancer Center, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan 430022,
China. 4The Sixth Affiliated Hospital of Sun Yat-sen University, Guangzhou

Lu et al. BMC Cancer          (2020) 20:679 Page 11 of 13



510655, China. 5The First Affiliated Hospital of Sun Yat-sen University,
Guangzhou 510080, China. 6Department of Radiation Oncology, Nanfang
Hospital, Southern Medical University, Guangzhou 510515, China.
7Department of Radiation Oncology, Affiliated Cancer Hospital & Institute of
Guangzhou Medical University, Guangzhou 510075, China. 8Department of
Radiation Oncology, The Second Affiliated Hospital, Zhejiang University
School of Medicine, Hangzhou 310009, China. 9Ministry of Education Key
Laboratory of Cancer Prevention and Intervention, Zhejiang University,
Hangzhou 310058, China. 10Department of Radiation Oncology, Sun Yat-sen
Memorial Hospital, Guangzhou 510120, China. 11Central Clinical School,
Monash University, Melbourne, Victoria 3800, Australia. 12London School of
Hygiene and Tropical Medicine, London WC1E 7HT, UK. 13Melbourne Sexual
Health Centre, Alfred Health, Carlton, Victoria 3053, Australia. 14Kirby Institute,
University of New South Wales, Sydney 2052, Australia. 15School of Public
Health (Shenzhen), Sun Yat-sen University, Shenzhen 518107, China.

Received: 5 March 2020 Accepted: 12 July 2020

References
1. Richards JC, Beahrs OH, Woolner LB. Squamous cell carcinoma of the anus,

anal canal, and rectum in 109 patients. Surg Gynecol Obstet. 1962;114:474–
82.

2. Klas JV, Rothenberger DA, Wong WD, Madoff RD. Malignant tumors of the
anal canal: the spectrum of disease, treatment, and outcomes. Cancer. 1999;
85(8):1686–93.

3. Glynne-Jones R, Nilsson PJ, Aschele C, Goh V, Peiffert D, Cervantes A, Arnold
D. Anal cancer: ESMO-ESSO-ESTRO clinical practice guidelines for diagnosis,
treatment and follow-up. Eur J Surg Oncol. 2014;40(10):1165–76.

4. Fairley CK, Brotherton JM, Hillman R, Grulich AE. Why a special issue on anal
cancer and what is in it? Sex Health. 2012;9(6):501–3.

5. Wong MT, Lim JF, Eu KW. Anal canal malignancies: a review in an Asian
population. Singap Med J. 2011;52(1):9–14.

6. Sun P, Li YH, Wang W, Chen CQ, Wang LY. Malignancies of the anal canal: a
multi-center retrospective analysis in South China population. J BUON. 2014;
19(1):103–8.

7. Morton M, Melnitchouk N, Bleday R. Squamous cell carcinoma of the anal
canal. Curr Probl Cancer. 2018;42(5):486–92.

8. Jin F, Stein AN, Conway EL, Regan DG, Law M, Brotherton JM, Hocking J,
Grulich AE. Trends in anal cancer in Australia, 1982-2005. Vaccine. 2011;
29(12):2322–7.

9. Nelson VM, Benson AB 3rd. Epidemiology of Anal Canal Cancer. Surg Oncol
Clin N Am. 2017;26(1):9–15.

10. Simpson S, Turner R. Four decades of anal cancer in Tasmania, Australia:
what do the case data tell us? Sex Health. 2012;9(3):213–9.

11. Fish R, Sanders C, Williamson PR, Renehan AG. Core outcome research
measures in anal cancer (CORMAC): protocol for systematic review,
qualitative interviews and Delphi survey to develop a core outcome set in
anal cancer. BMJ Open. 2017;7(11):e018726.

12. Bertisch B, Franceschi S, Lise M, Vernazza P, Keiser O, Schoni-Affolter F,
Bouchardy C, Dehler S, Levi F, Jundt G, et al. Risk factors for anal cancer in
persons infected with HIV: a nested case-control study in the Swiss HIV
cohort study. Am J Epidemiol. 2013;178(6):877–84.

13. Morris VK, Rashid A, Rodriguez-Bigas M, Das P, Chang G, Ohinata A, Rogers
J, Crane C, Wolff RA, Eng C. Clinicopathologic features associated with
human papillomavirus/p16 in patients with metastatic squamous cell
carcinoma of the Anal Canal. Oncologist. 2015;20(11):1247–52.

14. Machalek DA, Poynten M, Jin F, Fairley CK, Farnsworth A, Garland SM,
Hillman RJ, Petoumenos K, Roberts J, Tabrizi SN, et al. Anal human
papillomavirus infection and associated neoplastic lesions in men who have
sex with men: a systematic review and meta-analysis. Lancet Oncol. 2012;
13(5):487–500.

15. Nigro ND, Vaitkevicius VK, Considine B Jr. Combined therapy for cancer of
the anal canal: a preliminary report. Dis Colon Rectum 1993. 1974;36(7):709–11.

16. Bartelink H, Roelofsen F, Eschwege F, Rougier P, Bosset JF, Gonzalez DG,
Peiffert D, van Glabbeke M, Pierart M. Concomitant radiotherapy and
chemotherapy is superior to radiotherapy alone in the treatment of locally
advanced anal cancer: results of a phase III randomized trial of the
European Organization for Research and Treatment of Cancer Radiotherapy
and Gastrointestinal Cooperative Groups. J Clin Oncol. 1997;15(5):2040–9.

17. UKCCCR Anal Cancer Trial Working Party. Epidermoid anal cancer: results
from the UKCCCR randomised trial of radiotherapy alone versus
radiotherapy, 5-fluorouracil, and mitomycin. UK Co-ordinating Committee
on Cancer Research. Lancet (London, England). 1996;348(9034):1049–54.

18. Flam M, John M, Pajak TF, Petrelli N, Myerson R, Doggett S, Quivey J,
Rotman M, Kerman H, Coia L, et al. Role of mitomycin in combination with
fluorouracil and radiotherapy, and of salvage chemoradiation in the
definitive nonsurgical treatment of epidermoid carcinoma of the anal canal:
results of a phase III randomized intergroup study. J Clin Oncol. 1996;14(9):
2527–39.

19. Koerber SA, Schoneweg C, Slynko A, Krug D, Haefner MF, Herfarth K, Debus
J, Sterzing F, von Knebel DM, Prigge ES, et al. Influence of human
papillomavirus and p16(INK4a) on treatment outcome of patients with anal
cancer. Radiother Oncol. 2014;113(3):331–6.

20. Wieghard N, Hart KD, Kelley K, Lu KC, Herzig DO, Mitin T, Thomas CR Jr,
Tsikitis VL. HIV positivity and anal cancer outcomes: a single-center
experience. Am J Surg. 2016;211(5):886–93.

21. Ries LAGYJ, Keel GE, Eisner MP, Lin YD, Horner M-J. SEER Survival
Monograph: Cancer Survival Among Adults: U.S. SEER Program, 1988-2001,
Patient and tumor characteristics: National Cancer Institute, SEER Program;
2007. NIH Pub. No. 076215.

22. Ortholan C, Ramaioli A, Peiffert D, Lusinchi A, Romestaing P, Chauveinc L,
Touboul E, Peignaux K, Bruna A, de La Roche G, et al. Anal canal carcinoma:
early-stage tumors < or =10 mm (T1 or tis): therapeutic options and original
pattern of local failure after radiotherapy. Int J Radiat Oncol Biol Phys. 2005;
62(2):479–85.

23. Read TR, Huson KL, Millar JL, Haydon A, Porter IW, Grulich AE, Hocking JS,
Chen MY, Bradshaw CS, Fairley CK. Size of anal squamous cell carcinomas at
diagnosis: a retrospective case series. Int J STD AIDS. 2013;24(11):879–82.

24. Bentzen AG, Guren MG, Wanderås EH, Frykholm G, Tveit KM, Wilsgaard T,
Dahl O, Balteskard L. Chemoradiotherapy of anal carcinoma: survival and
recurrence in an unselected national cohort. Int J Radiat Oncol Biol Phys.
2012;83(2):e173–80.

25. Mitra D, Horick NK, Brackett DG, Mouw KW, Hornick JL, Ferrone S, Hong TS,
Mamon H, Clark JW, Parikh AR, et al. High IDO1 expression is associated
with poor outcome in patients with anal Cancer treated with definitive
Chemoradiotherapy. Oncologist. 2019.

26. (WHO) WHO. International classification of disease version 10. Geneva: WHO; t.
27. E S. AJCC cancer staging manual. 7th ed. New York: Springer; 2010.
28. Dwyer MK, Gebski VJ, Jayamohan J. The bottom line: outcomes after

conservation treatment in anal cancer. Australas Radiol. 2006;50(1):46–51.
29. Lewis GD, Haque W, Butler EB, Teh BS. Survival outcomes and patterns of

Management for Anal Adenocarcinoma. Ann Surg Oncol. 2019;26(5):1351–7.
30. Li Q, Hsia J, Yang G. Prevalence of smoking in China in 2010. N Engl J Med.

2011;364(25):2469–70.
31. Guo H, Quan G. Tobacco control in China and the road to healthy China

2030. Int J Tuberc Lung Dis. 2020;24(3):271–7.
32. Pricolo VE, Viani KL, Bonvini M, Abelli CF, McDuffie TJ. Challenges in

Management of Squamous Cell Carcinoma of the anus in New England and
across the United States: a review of the National Cancer Data Base. Am J
Clin Oncol. 2018;41(7):662–6.

33. Ong JJ, Walker S, Grulich A, Hoy J, Read TR. Incorporating digital anorectal
examinations for anal cancer screening into routine HIV care for men who
have sex with men living with HIV: a prospective cohort study. J Int AIDS
Soc. 2018;21(12):e25192.

34. Gosens KC, Richel O, Prins JM. Human papillomavirus as a cause of anal
cancer and the role of screening. Curr Opin Infect Dis. 2017;30(1):87–92.

35. Gudur A, Shanmuganandamurthy D, Szep Z, Poggio JL. An update on the
current role of high resolution Anoscopy in patients with anal dysplasia.
Anticancer Res. 2019;39(1):17–23.

36. Darragh TM, Winkler B. Anal cancer and cervical cancer screening: key
differences. Cancer Cytopathology. 2011;119(1):5–19.

37. Lindsey K, DeCristofaro C, James J. Anal pap smears: should we be doing
them? J Am Acad Nurse Pract. 2009;21(8):437–43.

38. Liszewski W, Ananth AT, Ploch LE, Rogers NE. Anal pap smears and anal
cancer: what dermatologists should know. J Am Acad Dermatol. 2014;71(5):
985–92.

39. Ong JJ, Fairley CK, Carroll S, Walker S, Chen M, Read T, Grulich A, Bradshaw
C, Kaldor J, Clarke P. Cost-effectiveness of screening for anal cancer using
regular digital ano-rectal examinations in men who have sex with men
living with HIV. J Int AIDS Soc. 2016;19(1):20514.

Lu et al. BMC Cancer          (2020) 20:679 Page 12 of 13



40. de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of
cancer attributable to infections in 2018: a worldwide incidence analysis.
Lancet Glob Health. 2020;8(2):e180–90.

41. Baricevic I, He X, Chakrabarty B, Oliver AW, Bailey C, Summers J, Hampson L,
Hampson I, Gilbert DC, Renehan AG. High-sensitivity human papilloma virus
genotyping reveals near universal positivity in anal squamous cell
carcinoma: different implications for vaccine prevention and prognosis. Eur
J Cancer (Oxford, England : 1990). 2015;51(6):776–85.

42. Serrano B, de Sanjosé S, Tous S, Quiros B, Muñoz N, Bosch X, Alemany L.
Human papillomavirus genotype attribution for HPVs 6, 11, 16, 18, 31, 33,
45, 52 and 58 in female anogenital lesions. Eur J Cancer (Oxford, England :
1990). 2015;51(13):1732–41.

43. Ouhoummane N, Steben M, Coutlée F, Vuong T, Forest P, Rodier C,
Louchini R, Duarte E, Brassard P. Squamous anal cancer: patient
characteristics and HPV type distribution. Cancer Epidemiol. 2013;37(6):807–
12.

44. Saleem AM, Paulus JK, Shapter AP, Baxter NN, Roberts PL, Ricciardi R. Risk of
anal cancer in a cohort with human papillomavirus-related gynecologic
neoplasm. Obstet Gynecol. 2011;117(3):643–9.

45. Papatla K, Halpern MT, Hernandez E, Brown J, Benrubi D, Houck K, Chu C,
Rubin S. Second primary anal and oropharyngeal cancers in cervical cancer
survivors. Am J Obstet Gynecol. 2019;221(5):478.e471–6.

46. Gilbert DC, Wakeham K, Langley RE, Vale CL. Increased risk of second
cancers at sites associated with HPV after a prior HPV-associated
malignancy, a systematic review and meta-analysis. Br J Cancer. 2019;120(2):
256–68.

47. de Martel C, Plummer M, Vignat J, Franceschi S. Worldwide burden of
cancer attributable to HPV by site, country and HPV type. Int J Cancer. 2017;
141(4):664–70.

48. Duan R, Qiao Y. Cancer burden attributable to human papillomavirus
infection by sex, cancer site, age, and geographical area in China. Cancer
Med. 2020;9(1):374–84.

49. Hao J. China Cancer Registry Annual Report. People’s Medical Publishing
House; 2018.

50. Ghosn M, Kourie HR, Abdayem P, Antoun J, Nasr D. Anal cancer treatment:
current status and future perspectives. World J Gastroenterol. 2015;21(8):
2294–302.

51. Serup-Hansen E, Linnemann D, Skovrider-Ruminski W, Høgdall E, Geertsen
PF, Havsteen H. Human papillomavirus genotyping and p16 expression as
prognostic factors for patients with American joint committee on Cancer
stages I to III carcinoma of the anal canal. J Clin Oncol. 2014;32(17):1812–7.

52. Meulendijks D, Tomasoa NB, Dewit L, Smits PH, Bakker R, van Velthuysen
ML, Rosenberg EH, Beijnen JH, Schellens JH, Cats A. HPV-negative squamous
cell carcinoma of the anal canal is unresponsive to standard treatment and
frequently carries disruptive mutations in TP53. Br J Cancer. 2015;112(8):
1358–66.

53. Gilbert DC, Williams A, Allan K, Stokoe J, Jackson T, Linsdall S, Bailey CM,
Summers J. p16INK4A, p53, EGFR expression and KRAS mutation status in
squamous cell cancers of the anus: correlation with outcomes following
chemo-radiotherapy. Radiother Oncol. 2013;109(1):146–51.

54. Jones CM, Goh V, Sebag-Montefiore D, Gilbert DC. Biomarkers in anal
cancer: from biological understanding to stratified treatment. Br J Cancer.
2017;116(2):156–62.

55. McBride KR, Fortenberry JD. Heterosexual anal sexuality and anal sex
behaviors: a review. J Sex Res. 2010;47(2):123–36.

56. Rissel C, Badcock PB, Smith AM, Richters J, de Visser RO, Grulich AE, Simpson
JM. Heterosexual experience and recent heterosexual encounters among
Australian adults: the second Australian study of health and relationships.
Sex Health. 2014;11(5):416–26.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Lu et al. BMC Cancer          (2020) 20:679 Page 13 of 13


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

