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Abstract
Background: Increased risk of a second primary malignancy (SPM) before or after 
diagnosis of anal squamous cell carcinoma (ASCC) has been reported in a previous 
single- institution study. We hypothesize that patients diagnosed with ASCC are at in-
creased risk for developing SPMs before or after the diagnosis of ASCC. The primary 
objective of this study was to identify the diagnoses of cancer most likely to occur as 
SPMs before or after ASCC.
Methods: This work employs the Surveillance, Epidemiology, and End Results 
(SEER) Program registry data to conduct a US- population- based study of patients 
diagnosed with ASCC between 1975 and 2016. In patients diagnosed with ASCC, 
we evaluated the risk of SPMs and the risk of developing ASCC as an SPM after 
another cancer using standardized incidence ratios (SIR) for all SPMs by calculating 
the ratio of observed events in the ASCC cohort compared to expected (O/E) events 
in a matched reference cohort of the general population.
Results: A total of 7,594 patients with primary ASCC were included. Patients with 
ASCC were at increased risk of the diagnosis of an SPM (SIR = 1.45), particularly 
cancers of the lung, vulva, oropharynx, or colon. Patients with ASCC had an increased 
rate of previous malignancy (SIR = 1.23), especially Kaposi sarcoma or vulvar can-
cer. Overall elevated incidence of SPMs was unrelated to prior radiation treatment. 
Radiation treatment was associated with increased risk for SPMs in the female genital 
system but appeared protective against prostate cancer as SPMs.
Conclusions: Our findings support increased surveillance and screening for second 
malignancies in patients with these diagnoses, as patients with ASCC are often ei-
ther survivors of a prior cancer diagnosis or are at increased risk of developing later 
malignancies.
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1 |  INTRODUCTION

Improvements in cancer screening, as well as early interven-
tion, have led to falling rates of cancer deaths in the United 
States over the past two decades.1 Owing to these successes, 
survivorship in cancer patients increased and resulted in a 
significant population of cancer survivors— approximately 
16.9 million at the beginning of 2019 in the United States; 
due to the growth and aging of the population, it is estimated 
that this number will rise to 22.1 million by 2030.2 Cancer 
survivors often undergo lifelong surveillance and increased 
screening for further malignancies since they are predis-
posed to developing new cancers due to a variety of risk 
factors such as genetic disorders, somatic mutations, DNA- 
damaging treatment- induced mutations, environmental expo-
sures, or other treatment- related changes.3,4 Indeed, 17– 19% 
of patients who present with new cancers are survivors of 
previous malignancies.5

Anal cancer is a rare malignancy, with 8,590 new cases 
estimated in 2020 and 1,350 estimated deaths.1 The most 
common histologic type of anal cancer is anal squamous cell 
carcinoma (ASCC). Infection with human papillomavirus 
(HPV) is associated with over 90% of cases.6 A recently pub-
lished U.S. population- based study concluded that incidence 
and mortality rates of ASCC continue to rise, with incidence 
increasing at a rate of 2.7% per year.7 The mainstay of treat-
ment for patients with localized, non- metastatic anal cancer 
consists of definitive concurrent radiotherapy with mitomy-
cin- C and 5- fluorouracil as originally established by Nigro 
et al.8 A single- institution study of 46 patients suggested that 
individuals diagnosed with ASCC who were treated with 
chemoradiation are at increased risk for diagnosis with an 
SPM either before or after their anal cancer diagnosis. The 
incidences of these second malignancies appear unrelated to 
the risk of secondary malignancy associated with radiation 
therapy delivery.9

Patients diagnosed with ASCC are at particularly high 
risk of developing second cancers. About 50% of patients 
with ASCC present with localized disease, for which the 
5- year relative survival rate is approximately 80% for early 
stage disease.10 The risk for developing second cancer may 
be related to the association of ASCC with HPV infection6,10 
and a previous study reported an increased rate of developing 
an HPV- related second primary malignancy (SPM) in pa-
tients diagnosed with ASCC.11

Using the U.S. Surveillance, Epidemiology, and End 
Results (SEER) Program registry, we conducted a U.S. 
population- based study that included patients diagnosed 
with ASCC to evaluate the incidence of SPM either before 
or after the diagnosis of ASCC. We hypothesized that pa-
tients may experience an intrinsic increased risk of cancer 
associated with ASCC, unrelated to treatment, and aimed to 
determine the specific incidence of second cancers in this 

patient population. The primary objective of this study was 
to identify the diagnoses of cancer most likely to occur as 
SPMs before or after the diagnosis of ASCC.

2 |  METHODS

2.1 | Source dataset

The study population was identified using recorded data in 
the U.S. SEER Program of the National Cancer Institute.12 
Data on patient demographics, primary tumor site, tumor 
morphology, staging, first treatment course, and survival 
follow- up are collected routinely as part of the SEER regis-
tries. Our cohorts were generated using data from the SEER 
9 Registries November 2018 submission using cancers di-
agnosed between 1975 and 2016 (n = 3,600,102 for the en-
tire registry) which covers approximately 9.4% of the U.S. 
population.

In general, multiple primary malignancies are reported in 
the SEER dataset and are defined according to coding rules 
which include multiple sites as well as different histology 
or morphology groupings to avoid the misclassification of 
metastases or multifocal tumors as multiple primaries. This 
grouping is also done to prevent the misclassification of re-
currences as SPMs, for example, in patients with a first diag-
nosis of ASCC who then had a second diagnosis of ASCC. 
SPMs are grouped within organ systems and reported by ana-
tomic location in the SEER registry. For example, SPMs may 
be reported in the “Female Genital System” through SEER, 
a classification that includes the uterine cervix, uterine body, 
ovary, vagina, and vulva.

2.2 | Patient cohorts

Using the SEER Registries dataset, we generated two cohorts 
of patients: 1) in patients diagnosed with ASCC who survived 
for a minimum of 2 months, we evaluated the risk of subse-
quent cancers and 2) we evaluated the risk of developing ASCC 
as a second primary after any other cancer. In both cohorts 
1 and 2, we only considered malignancies outside a 2- month 
window following the initial cancer diagnosis, in accordance 
with recommendations by the SEER database to distinguish 
between synchronous and metachronous multiple primaries as 
this study focuses on metachronous primary cancers.

Cohort 1 for this analysis consists of individuals diag-
nosed first with primary ASCC and who developed an SPM 
after treatment of ASCC. This cohort was generated by in-
cluding patients using squamous cell carcinoma histology 
codes 8050– 8089 together with site codes (ICD- O- 3/WHO 
2008) for “Anus, Anal Canal and Anorectum.” Cases of 
SPMs that were diagnosed at autopsy or lost to follow- up 
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were excluded from the analysis. Data on whether these pa-
tients received external beam radiation therapy for their index 
cancer of ASCC were also collected.

In cohort 2, data for patients with ASCC diagnosed as an 
SPM in patients diagnosed previously with any other cancer 
were collected by the above histology codes to filter results 
for second malignancies within each cancer histologic sub-
type provided in the registry.

2.3 | Statistical analysis

The increased risk of a secondary cancer was quantified with 
standardized incidence ratios (SIR), which were defined as 
the ratio of observed to expected (O/E) second cancers. The 
referent rate for the expected number of cancers was calcu-
lated for a reference cohort among the general population 
matched for age, gender, race, and year of diagnosis. Excess 
risk (ER) values representing excess cancers beyond the ex-
pected amount were reported per 10,000 persons per year. We 
reported confidence intervals (CI’s) as 95% confidence in-
tervals. All analyses were conducted with statistical program 
SEER∗Stat version 8.3.5 provided by the National Cancer 
Institute utilizing the multiple primary standardized incidence 
ratio (MP- SIR) tool.13,14 SIR values are not presented when 
the number of observed cancers was less than 11 cases. SIR 
values are presented for cancers with observed values larger 
than 11 by grouping within the organ system when appropri-
ate. Results reported within each table include all significant 
SIRs from highest to lowest within each subtype. Selected 
non- significant results are included in tables (in the Results 
section) separated by a dashed line as a basis for comparison.

3 |  RESULTS

3.1 | Cohort 1 (patients with primary ASCC 
followed by SPM)

Cohort 1 consisted of all men and women diagnosed with pri-
mary ASCC included in the SEER database between 1975 and 
2016 (n = 7,594). Of these, 989 (13%) subsequently developed 
SPMs, in comparison to an expected number in the reference 
population of 68, for a SIR of 1.45 (95% CI: 1.36– 1.54).

In Cohort 1, SIR values for SPMs were elevated overall, 
in all solid tumors, and in oral cavity and pharynx, digestive 
system, colon/rectum/anus, and the respiratory system in both 
men and women. Incidence for SPMs demonstrated an ele-
vated number of cases in men for lymphatic and hematopoietic 
diseases (SIR = 1.55; ER = 7.13), including lymphoma and 
non- Hodgkin lymphoma. In women, an increased incidence of 
SPMs including skin melanomas (SIR = 1.66; ER = 2.66), fe-
male genital system (SIR = 1.76, ER = 11.03), urinary system 

(SIR = 1.55; ER = 3.6), and leukemias (SIRs ranged from 1.82 
to 2.42; ERs between 2.06 and 2.17) were observed (Table 1).

In Cohort 1, a high excess risk of second primary di-
agnosis of lung cancer after ASCC was observed in both 
male (SIR  =  2.69; ER  =  36.506 and female (SIR  =  2.33; 
ER = 23.67) patients. For males, the increased excess risk 
for SPM was associated with a second cancer of the colon/
rectum/anus (SIR = 2.44; ER = 21.42) and with oral cavity 
or pharyngeal cancer (SIR = 2.96; ER = 9.01). In females, 
vulvar cancer carried strongly increased risk (SIR = 13.44; 
ER = 10.02) as well as malignancies in the rectum and anus 
(SIR = 3.56; ER = 9.85) as per SEER coding rules for SPMs.

3.2 | Cohort 2 (another primary malignancy 
followed by ASCC as an SPM)

Cohort 2 consisted of 1,297 patients (599 men and 698 
women) with a diagnosis of ASCC as an SPM after a 

T A B L E  1  Incidence of selected second primary malignancies in 
men and women diagnosed with index primary anal squamous cell 
carcinomas, arranged by standardized incidence ratios (SIR) from 
highest to lowest within each subtype. Selected non- significant results 
are reported below, separated by a dashed line. Observed number of 
cases, observed- to- expected ratio (O/E), 95% confidence interval (CI), 
and excess risk (ER) are reported

Male 
Site of SPM Observed cases O/E 95% CI ER 

72.7616.1-33.164.1324setiSllA
94.9516.1-23.164.1573sromuTdiloSllA

Oral Cavity and Pharynx 27 2.96 1.95-4.31 9.01 
0422.3-52.27.2621metsySyrotaripseR

Lung and Bronchus 114 2.69 2.22-3.23 36.06 
Colon, Rectum, & Anus  72 2.44 1.91-3.08 21.42 
Lympha�c & Hematopoie�c 40 1.55 1.11-2.11 7.13 

17.873.3-95.163.203amohpmyL
Non-Hodgkin Lymphoma 25 2.1 1.36-3.1 6.6 

25.596.3-24.163.291ladoN-LHN
10.218.2-87.075.111yrailiB&reviL
46.460.2-79.044.103reddalByranirU

Melanoma of the Skin 16 1.17 0.67-1.9 1.17 
23.32-46.0-43.084.024etatsorP

Female 
Site of SPM Observed cases O/E 95% CI ER 

81.5565.1-23.144.1665setiSllA
62.1595.1-43.164.1015sromuTdiloSllA

Female Genital System 80 1.76 1.4-2.19 11.03 
20.0187.81-13.944.3143avluV
10.4247.2-39.113.2331metsySyrotaripseR

Lung and Bronchus 130 2.33 1.95-2.77 23.67 
Non-Lymphocy�c Leukemia 12 2.31 1.2-4.04 2.17 

Myeloid & Monocy�c Leukemia 11 2.42 1.21-4.33 2.06 
Oral Cavity and Pharynx 14 2.18 1.19-3.67 2.42 

34.219.2-60.128.171suoenallecsiM
46.160.3-9.057.121yrailiB&reviL

Melanoma of the Skin 21 1.66 1.03-2.54 2.66 
Colon, Rectum, & Anus 74 1.57 1.23-1.97 8.57 

6.381.2-60.155.123metsySyranirU
136.1-57.031.182ydoBeniretU

11.067.1-55.030.131saercnaP
44.6-10.1-66.038.039tsaerB
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different first primary malignancy diagnosis, representing 
17% of patients ever diagnosed with ASCC (Table 2). This 
frequency also exceeds the expected number based on the 

reference population (expected  =  1,054) with SIR  =  1.23 
(95% CI: 1.16– 1.3).

Cancers associated with an increased risk of subsequent 
ASCC diagnosis included all sites, digestive system, and 
lymphoma in males and females. In males, an additional 
increased risk of a later ASCC diagnosis was associated 
with an index diagnosis of Kaposi sarcoma (SIR  =  51.67; 
ER = 11.61). In females, increased risk for ASCC as an SPM 
was associated with the first primary diagnosis of vulvar can-
cer (SIR = 10.74; ER = 4.91). Women with a first primary 
diagnosis of breast or uterine body cancers were at a slightly 
decreased risk for ASCC as an SPM (SIR = 0.87 and 0.59; 
ER = −0.07 and −0.22, respectively).

3.3 | Prior therapies

In Cohort 1, most patients received definitive radiation 
therapy in the treatment of their ASCC: in total, 718 (75%) 
patients from Cohort 1 (with SPMs after ASCC) underwent 
treatment with external beam radiation therapy (EBRT), 
while 238 patients with SPMs did not receive radiation ther-
apy. To evaluate the relationship between radiation therapy 
for index primary ASCC and later SPMs, we compared the 
SIR values for all SPMs in patients who were treated with 
radiation therapy to SIR values for those not treated with ra-
diation. In this cohort, 273 male and 445 female patients with 
SPMs had been treated with radiation, while 140 male and 
98 female patients did not receive radiation but developed 
SPMs.

For most sites of SPMs in all patients in this cohort, we 
found that the overall elevated incidence of SPM was unre-
lated to whether EBRT had been delivered previously for 
ASCC (Table 3, All Patients). EBRT was associated with in-
creased risk for certain SPMs in female patients treated for a 
first primary ASCC (Table 3), specifically in cancers of the 

T A B L E  2  Incidence of anal squamous cell carcinoma as a second 
primary malignancy in patients with another index primary cancer 
by the site of first primary malignancy, organized from highest to 
lowest SIR within each subtype. Selected non- significant results are 
reported below, separated by a dashed line. Observed number of cases, 
observed- to- expected ratio (O/E), 95% confidence interval (CI), and 
excess risk (ER) are reported

Male 
Site of index primary Observed O/E 95% CI ER 

51.015.1-82.193.1995setiSllA
16.1142.66-16.9376.1526amocraSisopaK

45.028.3-12.249.255amohpmyL
Hodgkin Lymphoma 16 5.11 2.92-8.29 0.68 

7.054.8-79.22.561ladoN-nikgdoH
Non-Hodgkin Lymphoma 39 2.5 1.78-3.42 0.49 

15.097.3-27.116.272ladoN-LHN
34.04-81.192.221ladonartxE-LHN
34.055.2-87.141.2621metsySevitsegiD
81.080.2-50.15.163metsySyrotaripseR
21.054.2-67.034.131aimekueL

Kidney and Renal Pelvis 14 1.17 0.64-1.96 0.06 
30.0-80.1-18.049.0391etatsorP

1.0-31.1-14.017.071nikSehtfoamonaleM

Female 
Site of index primary Observed O/E 95% CI ER 

60.02.1-40.121.1896setiSllA
Female Genital System 129 1.23 1.02-1.46 0.11 

19.426.41-76.747.0104avluV
4.030.3-25.181.253xivreCeniretU
81.02-10.154.163amohpmyL

Hodgkin Lymphoma 11 3.41 1.7-6.1 0.48 
34.038.5-25.171.301ladoN-nikgdoH

4.050.2-74.147.1641metsySevitsegiD
70.0-99.0-67.078.0132tsaerB
22.0-18.0-24.095.004ydoBeniretU

Kidney and Renal Pelvis 14 1.25 0.68-2.1 0.12 
40.085.1-27.090.172metsySyrotaripseR
50.055.1-87.011.153nikSehtfoamonaleM
10.026.1-95.010.171reddalByranirU
70.0-24.1-44.038.031yravO
1.0-31.1-4.07.061dioryhT

T A B L E  3  Incidence of second primary malignancies in patients treated with or without external beam radiation therapy (EBRT) for first 
primary ASCC. Observed number of cases, observed- to- expected ratio (O/E), 95% confidence interval (CI), and excess risk (ER) are reported

All Patients

No radiation or unknown EBRT

Observed O/E 95% CI ER Observed O/E 95% CI ER

All sites 238 1.49 1.3– 1.69 66.24 718 1.44 1.33– 1.54 57.76

Male

Prostate 18 0.72 0.43– 1.14 −12.13 23 0.37 0.24– 0.56 −28.31

Urinary bladder 13 2.13 1.13– 3.64 11.93 17 1.19 0.7– 1.91 2.04

Lymphatic & hematopoietic 14 1.9 1.04– 3.18 11.46 25 1.4 0.9– 2.06 5.23

Female

Female genital system 12 1.36 0.7– 2.37 5.28 64 1.84 1.42– 2.35 12.11



   | 3579JANI et Al.

female genital system (SIR  =  1.84; ER  =  12.11). In men, 
the treatment of ASCC with EBRT appeared to be protective 
against SPMs (Table 3), specifically with prostate cancer as 
an SPM in ASCC patients treated with EBRT (SIR = 0.37; 
ER = −28.31). No significant difference in SIR for an SPM 
of prostate cancer was observed in patients with ASCC who 
did not receive EBRT. In patients with ASCC who did not 
receive EBRT, we observed increased incidences of urinary 
bladder cancer (SIR  =  2.13; ER  =  11.93) as well as lym-
phatic and hematopoietic diseases (SIR = 1.9; ER = 11.46); 
however, we did not observe similar increases in patients who 
did receive EBRT for ASCC.

3.4 | Timing of second primary malignancy

We examined the temporal distribution of when SPMs were 
diagnosed by organizing the timing of SPM diagnosis into 
the following categories from time of first cancer diagno-
sis: 2– 11 months, 12– 59 months, 60– 119 months, and 120+ 
months. The observed number of SPM cases was great-
est in the period between 12 and 59  months after diagno-
sis of the first primary in all patients (Figure 1A, Table 4). 
Furthermore, we also noted a bimodal distribution of total 
observed ASCC cases diagnosed between 1– 5  years and 
>10 years following a previous cancer diagnosis in Cohort 
2 (Figure 1A). However, data analyzing the O/E values over 
time suggest that patients are at risk for different SPM cancer 
types at different time periods following their initial cancer 
diagnosis (Table 4). While the overall rate of new cases diag-
nosed per month was greatest in the first year (Figure 1B), the 
O/E value was significantly elevated at time periods beyond 
one year after initial diagnosis.

Of the SPMs diagnosed in patients from Cohort 1 over 
the first year, lung and GI cancers predominated. However, 
we observed that of all the lung and GI cancers diagnosed as 
SPMs, most cases of second primary lung cancer in both men 
and women were diagnosed after the first year, with a slightly 
higher proportion of cases in the period 1– 5  years after 
ASCC diagnosis in women compared to men (Figure 1C- D). 
Although the absolute number of cases drops after 5 years, 
the SIR remains significantly elevated for lung cancer in both 
men and women long- term, even after ≥10 years following 
the initial cancer diagnosis (Table  4). Most SPM cases of 
oropharyngeal cancer or female genital cancers were not di-
agnosed in the first year, and the risk for SPMs at these sites 
increased only at later times.

In Cohort 2 (patients with ASCC as the SPM), we found 
that this second diagnosis sometimes occurred notably later 
than the first cancer diagnosis, and was often made 10+ years 
after the initial primary cancer (Figure 1A,E- F; Table 4). In 
men with a first primary cancer diagnosis of lung cancer, for 
example, most ASCC cases were diagnosed between 1 and 

5 years later. In men diagnosed with lymphoma, almost all 
subsequent ASCC diagnoses took place after the first year. 
Men who were first diagnosed with Kaposi sarcoma had 
more cases of ASCC diagnosed 5 or more years later rather 
than sooner, although a significant incidence ratio was found 
in the first year as well (Table 4). Women with female genital 
system cancers had ASCC diagnosed much later, with the 
majority of ASCC cases diagnosed 10+ years after (Table 4).

4 |  DISCUSSION

Patients diagnosed with ASCC experienced multiple primary 
malignancies at an increased rate. In this large- scale SEER 
population study, we identified two cohorts of patients who 
had been diagnosed with ASCC and who appeared to be at 
increased risk for SPMs either before or after the diagnosis 
of ASCC. In Cohort 1 (patients first diagnosed with ASCC), 
the overall SIR for both men and women to develop an SPM 
at any site was 1.45, suggesting a 45% increased relative risk 
of developing an SPM. For this group, we found that patients 
diagnosed with ASCC first were more likely to have later 
diagnoses of  another primary tumor in the lung, oropharynx, 
vulva, or colon/rectum/anus. We identified these SPMs using 
histology and morphology groupings outlined in the coding 
rules for the SEER dataset as described in the Methods sec-
tion above, and care was taken to avoid misclassification of 
primary recurrences of ASCC as SPMs.

In Cohort 2 (patients in whom ASCC was diagnosed as 
an SPM after another index cancer), the overall SIR for both 
men and women was 1.23, representing an overall increased 
relative risk of 23%. However, these SIR values were partic-
ularly enriched with regards to developing SPMs in specific 
organ systems. We observed that patients diagnosed with a 
separate first anal cancer, Kaposi sarcoma, or vulvar cancer 
had an elevated excess risk of later diagnosis with ASCC. 
Interestingly, we did not observe an increased excess risk for 
the second diagnosis of Kaposi sarcoma in patients first diag-
nosed with ASCC. This may be related to the success of an-
tiretroviral therapy in HIV+patients, which may be the cause 
of decreasing incidence of Kaposi sarcoma.

The elevated rate of oral and pharyngeal cancers or vul-
var cancers in patients with ASCC may be related to HPV 
infection status, an important consideration with these cases 
in particular.10,11,15 In patients with Kaposi sarcoma and 
ASCC, HIV infection has been thought to play a role in 
immunosuppression- related tumor development in an indi-
rect manner.16 HIV infection status is not reported within the 
SEER registry and therefore this relationship could not be ex-
plored within this study. We observed a link between ASCC 
and Kaposi sarcoma in men, but not in women.

Increased risk of cancers, particularly ASCC, with known 
infectious etiologies has been demonstrated in HIV+patients 
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compared to HIV-  patients.17 Other viral coinfections are 
common with HIV, including HPV and hepatitis B and/or 
C viruses. Additionally, HIV infection is associated with an 

increased risk of other non- AIDS- related cancers, the most 
common of which is lung cancer.17 In this study, we could 
not ascertain if any of the patients diagnosed with ASCC had 

F I G U R E  1  Temporal distribution of secondary cancer diagnoses relative to anal squamous cell carcinoma diagnosis. (A) Total number of all 
observed second primary malignancy cases within 1 year, 1– 5 years, 5– 10 years, or more than 10 years after first cancer. Blue indicates cases in 
Cohort 1, diagnosed after an index diagnosis of ASCC, while red indicates cases from Cohort 2 in which ASCC was the second primary malignancy 
diagnosed after another previous cancer. (B) Rates of SPM diagnoses showing the average number of diagnosed SPM cases per month in ASCC 
patients with second cancer diagnoses. (C- D) Number of second primary cases diagnosed following the first diagnosis of ASCC in men and women 
organized by selected sites of the second primary cancer and timing of diagnosis following ASCC diagnosis. (E- F) Number of ASCC cases diagnosed 
as a second primary malignancy in patients with another prior cancer organized by selected sites of first primary and timing of ASCC diagnosis
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underlying HIV or other viral infections predisposing them to 
other malignancies, whether due to a state of chronic immu-
nosuppression or another mechanism. Additionally, we were 
unable to assess risk factors such as smoking or other expo-
sures that may be common among patients who experience a 
cancer diagnosis.

The strongest association we discovered was the elevated 
rate of lung cancer diagnoses in patients previously diag-
nosed with ASCC. This is consistent with previous reports 
using older versions of the SEER registry as well as with in-
stitutional studies conducted on a smaller scale.9,11,18 Based 
on our present understanding, there is no clear mechanism for 
this relationship. Indeed, the explanation for this relationship 
is likely multifactorial: underlying viral co- infection, genetic 
or epigenetic factors, treatment- related immunosuppression, 

or other risk factors which may be similar in patient popu-
lations with anal cancer and lung cancer (e.g., smoking/to-
bacco use) which may contribute to this correlation.5 We did 
not observe an excess risk of ASCC diagnosis in patients first 
diagnosed with lung cancer. However, this could partially be 
due to a higher competing risk of death among patients with 
lung cancer when compared to patients with other more indo-
lent cancer types. Detailed information about chemotherapy 
and/or radiation therapy, genomic analysis of the tumors, and 
particular patient information such as HIV or HPV status and 
smoking history are unavailable in this dataset and represents 
a relative limitation of this study.

We also examined the role of radiation therapy in ASCC 
treatment and whether it may be related to increased rates of 
SPMs. While overall the increased incidence for SPMs was 

T A B L E  4  SIR (O/E) values of second primary malignancies in patients according to time in months since diagnosis of index malignancy. 
Significant O/E values are marked with *

Cohort 1: ASCC index malignancy

Site of second malignancy 2– 11 months 11– 59 months 60– 119 months 120+ months Overall

Male

All sites 1.94* 1.62* 1.47* 1.18 1.46*

Oral cavity & pharynx 3.3 4.26* 2.03 2.23 2.96*

Colon, rectum, and anus 2.55* 3.63* 1.51 2.01* 2.44*

Respiratory system 3.98* 2.39* 3.13* 2.29* 2.70*

Lymphatic & hematopoietic 2.55 2.13* 1.46* 0.81 1.55*

Female

All sites 1.46* 1.56* 1.56* 1.20* 1.44*

Oral cavity and pharynx 0 1.82 2.35 3.21* 2.18*

Colon, rectum and anus 1.54 2.30* 1.53 0.83 1.57*

Respiratory system 2.45* 2.86* 2.02* 1.93* 2.31*

Melanoma of the skin 0.79 1.59 2.08 1.66 1.66*

female genital system 1.92 1.06 2.80* 1.6 1.76*

Urinary system 1.56 2.06* 1.46 1.07 1.55*

Cohort 2: ASCC SPM

Site of first malignancy 2– 11 months 11– 59 months 60– 119 months 120+ months Overall

Male

All sites 1.63* 1.43* 1.29* 1.37* 1.39*

Digestive system 3.44* 3.16* 0.76 1.53 2.14*

Respiratory system 1.44 1.81* 1.6 0.96 1.50*

Lymphoma 1.13 2.84* 3.44* 3.16* 2.94*

Kaposi sarcoma 46.10* 35.56* 81.43* 45.73* 51.67*

Female

All sites 0.96 1.35* 1.04 1.03 1.12*

Digestive system 1.74 2.50* 1.39 1.25 1.74*

Breast 0.78 0.96 0.93 0.78* 0.87*

Female genital system 0.85 1.17 1.06 1.39* 1.23*

Lymphoma 0.45 1.54 0.95 1.99* 1.45*
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independent of EBRT (including for lung cancer and second 
primary anal cancers), we found that radiation treatment of 
ASCC to the pelvis could be associated with increased risk of 
certain SPMs, including subsequent genital system cancers in 
female patients. Further investigation on this increased risk is 
warranted, especially related to HPV- associated malignancies 
and the effect of radiation on the risk of their development in 
patients treated for ASCC. On the other hand, radiation for 
ASCC in male patients may serve a protective role for cancers 
such as prostate cancer. This observation is consistent with a 
previous report using data from a Netherlands population- 
based cancer registry, which found that radiation therapy 
was protective against prostate cancer in patients treated for 
rectal cancer.19 This may be due to several reasons, that is, 
non- target radiation dose to the prostate affecting occult ma-
lignancies, or other mechanisms such as testicular radiation 
dosage that might result in androgen- driven changes affect-
ing the development of prostate cancer. This appears to be an 
effect specific to prostate cancer, as we observed a similar 
excess risk of developing both pelvic (urinary bladder) and 
non- pelvic (lymphatic/hematopoietic) SPMs in men treated 
with radiation therapy for ASCC.

In this study, we found that patients diagnosed with ASCC 
are often survivors of previous cancer or are at increased risk 
for developing another malignancy. These findings provide a 
basis for consideration of expanded surveillance and screen-
ing in patients diagnosed with anal squamous cell carcinoma, 
specifically for the development of lung, colon/rectal/anal, 
oropharyngeal, and vulvar cancers. In patients diagnosed 
with Kaposi sarcoma or vulvar cancer as an index case, 
screening or surveillance for anal cancer should be expanded 
as well. Furthermore, these findings highlight the need for 
ASCC survivorship plans to promote lifestyle changes asso-
ciated with reduced cancer risk, such as tobacco and alcohol 
abstinence and physical activity as well as continued cancer 
screening measures.
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