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Abstract 
Background:  Anal squamous cell carcinoma (SCCA) is an uncommon malignancy with a rising incidence that has a high cure rate in its early 
stages. There is an unmet need for a reliable method to monitor response to treatment and assist in surveillance. Circulating tumor DNA (ctDNA) 
testing has shown great promise in other solid tumors for monitoring disease progression and detecting relapse in real time. This study aimed 
to determine the feasibility and use of personalized and tumor-informed ctDNA testing in SCCA.
Patients and Methods:  We analyzed real-world data from 251 patients (817 plasma samples) with stages I-IV SCCA, collected between 11/5/19 
and 5/31/22. The tumor genomic landscape and feasibility of ctDNA testing was examined for all patients. The prognostic value of longitudinal 
ctDNA testing was assessed in patients with clinical follow-up (N = 37).
Results:  Whole-exome sequencing analysis revealed PIK3CA as the most commonly mutated gene, and no associations between mutations 
and stage. Anytime ctDNA positivity and higher ctDNA levels (MTM/mL) were associated with metastatic disease (P = .004). For 37 patients 
with clinical follow-up, median follow-up time was 21.0 months (range: 4.1-67.3) post-diagnosis. For patients with stages I-III disease, anytime 
ctDNA-positivity after definitive treatment was associated with reduced DFS (HR: 28.0; P = .005).
Conclusions:  Our study demonstrates the feasibility of personalized and tumor-informed ctDNA testing as an adjunctive tool in patients with 
SCCA as well as potential use for detection of molecular/minuteimal residual disease, and relapse during surveillance. Prospective studies are 
needed to better evaluate the use of ctDNA testing in this indication.
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Implications for Practice
This study demonstrated the feasibility and prognostic value of ctDNA testing in SCCA. Incorporation of ctDNA testing into clinical 
practice can allow providers to identify relapse occurring on the molecular level, which often predates radiological findings. Importantly 
ctDNA-informed relapse can create opportunities for timely therapeutic intervention. Similar to the utility of tumor-informed ctDNA testing 
in colorectal cancer in patient prognostication, the study provides the benchmark for trials incorporating escalation and de-escalation of 
therapy for patients with anal cancer. As IO treatments in early-stage disease are being studied, these trials would help establish ctDNA 
as a predictive marker in this setting.

Introduction
Anal cancer is a rare malignancy, accounting for approximately 
4% of all malignancies of the lower GI tract.1 However, in the 
past few decades, incidence has been increasing, with an esti-
mate of 9,090 cases diagnosed in the US in 2021.2 Of all cases 

of anal cancer, ~90% are squamous cell carcinoma (SCCA).2 
For patients with locoregional disease, the standard of care 
is local chemoradiotherapy (CRT), which is usually curative 
in intent.3,4 Nevertheless, survival outcomes vary widely, with 
5-year survival rates of 82% for localized disease, 66% for 
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regional disease and only 34% for metastatic disease.2 For 
patients with locoregional recurrence, salvage abdominoper-
ineal resection (APR) is recommended, which can achieve 
disease control in up to 77% of patients.5 Those with stage 
IV disease rely on platinum-based chemotherapy (carboplatin 
with paclitaxel; 5-fluorouracil (5-FU), leucovorin and oxal-
iplatin (FOLFOX); Docetaxel Cisplatin, and 5-FU (DCF); and 
5-FU and cisplatin (FOLFCIS)).4 Recently, immunotherapy 
has been integrated into the standard of care for patients with 
metastatic disease in the chemotherapy-refractory setting.4 
Anti-PD-1 monotherapy has been reported to be effective for 
the treatment of metastatic disease,6 and as a second-line regi-
men for patients with chemotherapy-refractory disease.7

Surveillance after definitive treatment is a key challenge 
for both patients and providers. NCCN guidelines recom-
mend patients undergo extensive surveillance after cessa-
tion of definitive treatment to monitor disease recurrence. 
Approximately 8-12 weeks after chemoradiation is complete, 
patients are recommended to have digital rectal exams and 
lymph node exams every 3-6 months for 5 years, and anos-
copy every 6-12 months for 3 years. For stages II-IV disease, 
at least annual CT scan of the chest, abdomen, and pelvis 
and/or annual MRI of the abdomen and pelvis for 3 years is 
also recommended. However, imaging results can be difficult 
to interpret, as anal squamous cell carcinoma can have slow 
tumor regression after chemoradiation. Furthermore, imag-
ing can miss small foci of residual tumor. While PET/CT can 
be helpful in some situations, significant false positive results 
have been reported, up to 40% in some series.3 Increased fre-
quency of imaging can allow for early identification of recur-
rence, and consequently earlier therapeutic intervention, they 
are not supported by current guidelines.4 Cost and coverage 
by insurance of imaging are also of concern for these patients.

To address these unmet clinical needs, biomarkers that can 
accurately measure response to therapy and identify recurrence 
ahead of imaging would be useful. Unlike other solid tumors 
(eg, colorectal, pancreatic, ovarian), where glycoprotein- 
based markers can be used to monitor disease status (eg, 
CEA, CA-125, CA-19-9), there are no such established mark-
ers for anal cancer.8 Recent data have validated the use of 
a personalized and tumor-informed circulating tumor DNA 
(ctDNA)-based approach for patients with colorectal can-
cer (CRC) and other solid tumors.9-14 Here, we examined the 
feasibility and utility of personalized and tumor-informed 
ctDNA testing in a real-world setting.

Materials and Methods
Study Population
We analyzed real-world data in patients with stages I-IV 
SCCA who were monitored by ctDNA testing. Commercially 
submitted blood samples collected between November 5, 
2019 and May 31, 2022 were evaluated for the presence and 
levels of ctDNA. Eligible patients were 18 years or older, had 
successful personalized tumor-informed primer design, and 
had clinical evidence of SCCA on imaging. Blood samples 
were collected at the discretion of the treating physician, and 
ctDNA dynamics were evaluated longitudinally. A total of 
251 patients and 817 plasma samples were included in this 
study. Of the 251 patients, complete clinical information 
was available for 37 patients. Tumor tissue was collected at 
resection or at initial diagnosis via biopsy. Patients received 
treatment and follow-up in compliance with standard clinical 

practice and at the discretion of the treating physician. For 
the majority of patients, clinical staging was used in place of 
pathological staging, as most patients did not undergo surgery 
in order to be evaluated pathologically. Disease response was 
evaluated based on RECIST criteria and treating clinician’s 
evaluation. Informed consent was obtained from patients as 
part of ordering the assay. This study was approved by the 
corresponding Ethical and Independent Review Services (pro-
tocol # 20-049-ALL) and was conducted in accordance with 
the Declaration of Helsinki.

Personalized and Tumor-Informed ctDNA Assay
A personalized and tumor-informed ctDNA assay (Signatera 
bespoke mPCR NGS assay) was used for the detection and 
quantification of ctDNA, as previously described.10 Briefly, for 
each patient, tumor tissue and a matched normal whole blood 
sample were sequenced by whole-exome sequencing (WES). 
Sequencing results allowed the identification and selection of 
up to 16 clonal, somatic, single-nucleotide variants (SNVs) 
present in the tumor but not the matched normal sample. The 
selected SNVs were used in the design of a multiplex PCR 
NGS-based ctDNA assay. The designed personalized ctDNA 
assays were then used to detect ctDNA in patient plasma sam-
ples. Plasma samples testing positive for 2 or more SNVs were 
defined as ctDNA-positive. ctDNA was quantified in mean 
tumor molecules per milliliter of plasma (MTM/mL). Results 
were provided in real time to treating clinicians.

Genomic Analysis
To identify genomic profiles for all patients with SCCA (N = 
251), we analyzed WES data obtained from our commercial 
database. Our exploratory genomic analysis examined SNVs 
and short insertions and deletions. Only non-synonymous 
mutations were included in the analysis. The genomic assess-
ment was solely conducted as an exploratory analysis and 
is not routinely offered as a component of clinical Signatera 
testing.

Statistical Analysis
The primary objective was to measure disease-free survival 
(DFS), from the time of diagnosis to the first radiologic evi-
dence of disease progression. An exploratory analysis was 
performed wherein DFS was defined by the first radiologic 
evidence of disease progression or molecular recurrence by 
ctDNA (Supplementary Fig. S1). A fisher’s exact test was used 
to compare categorical variables. The Kaplan-Meier method 
was used to estimate the survival distribution. Differences 
between the groups were tested by the log-rank test. All P 
values were based on 2-sided testing, and differences were 
considered significant at P ≤ .05.

Results
Patient Demographics
In this study, plasma samples (n = 817) were collected from 
251 patients with SCCA (180 females, 71 males; median 
age 63.5 years; range: 27.9-89.4) at various time points. Of 
patients with plasma samples collected, 37 had complete 
clinical information available and had a median follow-up 
of 21.0 months (range: 4.1-67.3), post-diagnosis. Of the 37 
patients analyzed, 3 (8.1%) patients had stage I disease, 10 
(27.0%) had stage II disease, 17 (46.0%) had stage III disease, 
and 7 (18.9%) had stage IV disease. A total of 21 patients 
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had information on HPV status reported, of which 20 were 
HPV positive (95.2%). A total of 31 patients had informa-
tion on HIV status available, where 12 (38.7%) were HIV 
positive. In terms of types of treatments used, including both 
upfront and sequential therapy, 35 patients (94.6%) received 
chemoradiotherapy (CRT), 6 (16.2%) received immunother-
apy, 2 (5.4%) received radiotherapy, 4 (10.8%) received che-
motherapy, 2 (5.4%) received chemoimmunotherapy. A total 
of 2 patients (5.4%) underwent surgery. The median tumor 
mutation burden (TMB) was 3.81 and only 1 patient (2.7%) 

had an MSI-high tumor. Complete demographic information 
for both the original cohort (N = 251) and a subcohort with 
clinical follow-up (N = 37) is summarized in Table 1.

Genomic Alterations Most Frequently Observed in 
SCCA Patients
We performed an exploratory analysis on the WES data 
available from our commercial database to identify genomic 
profiles and characteristics for all patients (N = 251). WES 
results revealed that PIK3CA (28.7%), TTN (26.7%), 

Table 1. Cohort demographics.

Category Annotated cohort, N = 37 Full cohort, N = 251

n % n % 

Gender

 � Female 19 51.4% 180 71.7%

 � Male 18 48.6% 71 28.3%

Overall clinical stage

 � I 3 8.1% 30 12.0%

 � II 10 27.0% 68 27.1%

 � III 17 46.0% 96 38.2%

 � IV 7 18.9% 49 19.5%

 � Unknown 0 0% 8 3.2%

Anytime ctDNA-positivity

 � I 2 67.0% 12 41.4%

 � II 4 36.0% 28 41.8%

 � III 6 35.0% 35 38.0%

 � IV 5 72.0% 34 70.8%

Treatment received

 � Surgery 2 5.4% N/A N/A

 � Chemoradiotherapy 35 94.6%  N/A  N/A

 � Radiotherapy 2 5.4%  N/A  N/A

 � Chemotherapy 4 10.8%  N/A  N/A

 � Immunotherapy 6  16.2%  N/A N/A

 � Chemoimmunotherapy 2  5.4%  N/A  N/A

HIV status

 � Negative 19 51.4% N/A N/A

 � Positive 12 32.4%  N/A  N/A

 � Unknown 6 16.2%  N/A  N/A

HPV status

 � Negative 1 2.7% N/A N/A

 � Positive 20 54.1%  N/A  N/A

 � Unknown 16 43.2%  N/A  N/A

MSI status

 � MS-Stable 36 97.3% 250 99.6%

 � MSI-High  1  2.7% 1  0.4%

Category Median (range) Median (range)

Age, years 64.42 (32.6-77.2) 63.5 (27.9-89.4)

Number of ctDNA timepoints 6.0 (1-27) 2 (1-27)

Follow-up time, months 21.0 (4.1-67.3) N/A

Tumor mutational burden, muts/Mb 3.81 (0.46-21.88)  4.27 (0.17-85.63)

Abbreviations: N/A, not available; ctDNA, circulating tumor DNA; MSI, microsatellite instability; HPV, human papillomavirus; HIV, human 
immunodeficiency virus.
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MUC16 (19.5%), KMT2D (17.1%), FBXW7 (13.5%), 
and KMT2C (12.7%) as the most commonly mutated 
genes observed, when considering non-synonymous vari-
ants. Mutations in PTEN, NOTCH1, and TP53 were also 
observed in 9.2%, 8.8%, and 8.4% of patients, respectively. 
No trends were observed between tumor stage and frequency 
of any genetic mutation. Of the patients PIK3CA mutations, 
the most common variants observed were activating E545K 
(48.6%) and E542K (31%) mutations (Fig. 1B). Of note, 
9.7% of patients with PIK3CA-mutated tumors had dou-
ble mutations (Fig. 1C). Mutations in PIK3CA and PTEN 
tended to occur in patients in a mutually exclusive fashion 
(Fig. 1D), as expected.

Correlation of ctDNA Status and Levels With 
Disease Stage
For the 251 patients with successful ctDNA assay design, we 
sought to examine the correlation between disease stage and 
ctDNA status and levels across all time points. Eight patients 
did not have a reported clinical stage. Of the remaining 243 
patients, we found that those with metastatic disease were 
more likely to test ctDNA positive (71.4% vs 40.6%, P = 
.0002), and less likely to clear ctDNA than those with local-
ized disease (11.4% vs 42.3%, P = .003) (Fig. 2A). In addition, 

patients with metastatic disease had significantly higher levels 
of ctDNA than those with localized disease (Fig. 2B; Student’s 
t test, P = .004). We did not observe any significant differences 
in ctDNA levels between patients with stage I, II, or III disease 
(Fig. 2B).

Association of ctDNA Detection With Patient 
Outcomes
We next examined the association of ctDNA status post- 
definitive therapy (CRT/immunotherapy/surgery) with radio-
logical relapse. For this analysis, only stages I-III patients (N 
= 30) who underwent treatment with curative intent, with 
ctDNA results and confirmatory testing (either anoscopy 
with biopsy or radiological imaging) were included. Among 
the patients with stages I-III disease, we further excluded 3 
patients: patient 6, who was treated on molecular recurrence; 
patient 21, who had clinical recurrence prior to the start of 
ctDNA testing; and patient 30, who had no ctDNA result 
post-definitive therapy.

Of the 27 patients analyzed, 23 were ctDNA-negative  
post-definitive therapy, one of whom (patient 26) was 
observed to have stable disease on imaging and showed 
confirmed residual disease by biopsy (Negative Predictive 
Value of 95.7%; 22/23). Of the 4 ctDNA-positive patients, 
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3 (patients 11, 23, and 24) experienced disease progression 
on imaging. The remaining patient (patient 27) had radio-
logical findings suggesting partial responses to therapy. We 
next examined the associations between ctDNA results and 
survival outcomes. Stratifying stages I-III patients by any-
time ctDNA-positivity or negativity, we found that anytime 
ctDNA positivity post-definitive therapy was associated with 
a significantly shorter DFS (median DFS for anytime ctDNA- 
positive patients 11.4 months, not reached for all time  
ctDNA-negative patients; HR = 28.0, 95% CI 2.8-285.0;  
P = .005) (Fig. 3). In addition, we performed an exploratory 
analysis where DFS was defined as the first radiologic evidence 
of disease progression or molecular recurrence by ctDNA. 
Once again, ctDNA positivity was significantly associated with 
shorter DFS (HR = 109.6, P < .0001) (Supplementary Fig. S1).

Potential Use of Personalized and Tumor-Informed 
ctDNA Testing in Clinical Practice
The complete clinical course for the 37 patients with clini-
cal follow-up is summarized in Fig. 4A. Of the 37 patients 
with clinical follow-up, 91.9% (34/37) had serial ctDNA 
results available (defined as ≥2 samples taken at different 
timepoints). In this group, ctDNA positivity was detected in 
43.2% (16/37) of patients. Of the ctDNA-positive patients, 
2 had stage I, 3 had stage II, 6 had stage III, and 5 had stage 
IV disease (Fig. 2C). All but 2 patients were treated with 
definitive chemoradiotherapy (CRT). Patient 22 had a rare 
MSI-high phenotype, was treated with single-agent immu-
notherapy (IO). Patient 23 had a history of prostate cancer 
treated with radiation and was not eligible for additional 
radiotherapy. A complete breakdown of types of therapy 

Figure 2. Feasibility of ctDNA testing in patients with SCCA. (A,B) ctDNA dynamics and levels by tumor stage in 243 patients. Stage IV patients had 
significantly higher median levels of ctDNA as compared to stages I-III patients (P = .004). (C) ctDNA dynamics by tumor stage in a subcohort of 
patients (N = 37) who had complete clinical follow-up.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyac249#supplementary-data
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administered among the 37 patients with clinical follow up 
is detailed in Table 1.

In this study, we identified several case examples where the 
physician altered the treatment regimen and management, 
in the context of ctDNA testing (Fig. 4B-E). One patient 
(#23) underwent abdominal perineal resection (APR). Post-
operatively, the patient initially tested ctDNA-negative, 
but was later found to be ctDNA positive. Based on these 
results, the provider elected to increase the cadence of imag-
ing. Although the patient initially had no evidence of disease, 
they were later found to have inguinal lymph node metas-
tasis. Importantly, ctDNA positivity occurred approximately 
200 days prior to radiological recurrence. A lymphadenec-
tomy was performed and the patient subsequently cleared 
ctDNA, providing evidence of complete remission (Fig. 4B). 
Notably, no additional systemic therapy was given after 
lymphadenectomy. Another patient (#6) was treated on the 
basis of molecular recurrence, as evidenced by increasing 
ctDNA levels, in the absence of radiological recurrence (Fig. 
4C). A third patient (#36) tested positive for ctDNA while 
on CRT, as expected. Subsequent testing after completion of 
CRT revealed increasing ctDNA levels, along with evidence 
of liver metastasis on imaging, which prompted the deci-
sion to start the patient on chemoimmunotherapy. Although 
ctDNA levels initially declined, they later increased, and the 
patient was confirmed to have progressive disease on imaging 
(Fig. 4D). A final patient of note (#5) who cleared ctDNA 
on definitive chemoradiotherapy was later confirmed to be 
disease free by serial imaging (Fig. 4E). Together, these case 

examples demonstrate the value of longitudinal ctDNA test-
ing for treatment response monitoring, as well as early detec-
tion of relapse.

Discussion
Our study is the first real-world experience to demonstrate 
the feasibility of personalized and tumor-informed ctDNA 
testing in SCCA and its use for the detection of residual dis-
ease, and relapse during surveillance. To date, studies explor-
ing the use of ctDNA in SCCA have been limited. Previous 
studies examining the performance of ctDNA in SCCA have 
used ddPCR, to detect and quantify tumor-derived HPV 
DNA (HPV ctDNA),15 wherein, the presence of residual HPV 
ctDNA after definitive CRT was associated with significantly 
shorter DFS (P < .0001).16 Another ancillary study similarly 
found the presence of residual HPV ctDNA was associated 
with shorter progression-free survival than patients who 
tested ctDNA negative (HR 5.5; P < .001).17 Although HPV 
ctDNA testing is not routinely used in clinical practice at 
present, these studies further support the potential of ctDNA 
as a prognostic biomarker in SCCA. Personalized and tumor- 
informed ctDNA testing may be more broadly applicable to 
this indication, as it would enable monitoring of patients who 
are HPV negative.

Our study demonstrates the prognostic value of ctDNA 
testing, which can detect recurrence early and provide ratio-
nale for early therapeutic intervention ahead of imaging. 
ctDNA positivity at any time after definitive therapy was 
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predictive of DFS in stages I-III patients (HR: 28.0; P = .005). 
In addition, in patient 23 (Fig. 4B), ctDNA was first detected 
approximately 200 days prior to positive imaging, confirm-
ing metastasis to the inguinal lymph nodes. This information 
could provide a window of opportunity for more intensive 

surveillance and early intervention. In patient 6 (Fig. 4C) who 
became ctDNA-positive after a period of negative testing, the 
provider chose to treat the patient on the basis of “molecular 
recurrence”, in the absence of disease progression on imaging. 
This resulted in a precipitous drop and eventual clearance of 

Figure 4. Case examples: ctDNA Testing provides rationale for initiation of adjuvant therapy. (A) Overview plot of cohort with clinical follow-up (N = 
37). (B-D) Case examples of SCCA patients who underwent longitudinal ctDNA testing, wherein ctDNA results were used to inform clinical decision 
making.
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ctDNA. Although treating patients solely based on molecular 
recurrence is not currently recommended by NCCN guide-
lines, we anticipate an increase in ctDNA-guided treatment 
decision-making in the clinical setting, given its high predic-
tive and prognostic value across cancers.

Our WES analysis provides insight into the mutational land-
scape of SCCA. Comprehensive genomic profiling of SCCA 
using a targeted gene panel has been previously described in 
stages II-IV patients.18 In our cohort of stages I-IV patients, 
no significant association between any mutation and SCCA 
stage was observed for any of the genes, consistent with the 
previous report.18 Similarly, PIK3CA was the most frequently 
mutated gene observed in our cohort, with the activating 
mutations E545K and E542K comprising approximately 
80% of all variants detected (Fig. 1A and B). These mutations 
have been shown to be targetable in various solid tumors by 
selective PI3Kɑ inhibitors such as alpelisib and taselisib.19-21 
Patients harboring double-hit mutations in PIK3CA were 
also fairly prevalent (~10%) in our cohort (Fig. 1C), which 
has been previously identified in several cancers, including 
breast cancer and CRC.21,22 It is speculated that tumors with 
double-hit mutations in cis may have enhanced sensitivity to 
PI3K inhibitors22 although we could not confirm these double 
mutations occurred on the same allele. In addition, approx-
imately 35% of patients possessed alterations in either the 
oncogene PIK3CA or in the tumor suppressor PTEN, high-
lighting the potential significance of targeting the PI3K signal-
ing pathway in SCCA. As expected, these mutations tended to 
be mutually exclusive in patients, with co-occurrence found 
in only 3% of the genomics cohort (Fig. 1D). This finding 
is in agreement with results from a prior landscape study of 
PI3K pathway alterations across multiple solid tumors.23 In 
addition, FBXW7 inactivating mutations, found in 13.5% 
of patients in this cohort, have also been linked to increased 
levels of mTOR and modest benefit from mTOR inhibitors 
in solid tumors [24, 25]. This finding further confirms the 
prominent role of PI3K/AKT/mTOR pathway dysregulation 
in SCCA, and would be of value for future studies and clini-
cal trials. Expected high frequency of mutations in TTN and 
MUC16, 2 of the largest genes in the human genome, have 
been associated with higher tumor mutational burden (TMB) 
and favorable prognosis and may be a predictive biomarker 
of IO response [26, 27]. Overall, we observed significant 
genomic heterogeneity in our cohort, further highlighting the 
potential use of personalized and tumor-informed approach 
to ctDNA testing, designed to detect clonal variants. Panel-
based ctDNA assays designed to detect a handful of variants 
may fail to detect ctDNA in a large proportion of SCCA 
patients.

This real-world study also demonstrates the potential use 
of longitudinal ctDNA testing to monitor tumor response to 
immunotherapy. In this cohort, 6 patients received single- 
agent IO and 2 were treated with chemoimmunotherapy 
combinations, of whom only 2 had progressed on their treat-
ments. Of note, 2 patients with stage IV disease (32 and 
34) who had progressed on prior lines of therapy achieved 
durable ctDNA clearance on single-agent and combination 
IO and remained in complete remission as of last follow-up. 
Although studies have demonstrated that some SCCA patients 
respond well to IO, it is important to note that the majority of 
patients do not benefit from this form of treatment. A phase II  
single-arm study of 37 SCCA patients treated with nivolumab 
found that only 24% of patients responded to nivolumab.6 

Another study of 75 metastatic SCCA patients (part of the 
KEYNOTE-158 phase II study) administered pembrolizumab 
monotherapy and identified a response in ~15% of patients.7

Our study is limited by being a real-world study, examining a 
heterogenous group of patients who received ctDNA testing at 
non-standardized time points, during and after their treatment 
with majority of patients receiving ctDNA testing after CRT. 
Although we did not have imaging results for the majority of 
patients, trends in anytime positivity were similar in the larger 
and smaller cohort (Fig. 2, Table 1), suggesting the cohort of 
37 with clinical follow-up is representative of the larger cohort. 
Future prospective studies will be needed to validate the rele-
vance of our findings. Due to the rarity of SCCA, at present few 
clinical studies have been designed to better optimize patient 
treatment regimens. However, currently a number of ongoing 
trials are being designed to test the efficacy of novel treatments, 
including lower doses of CRT (NCT04166318-DECREASE 
study), IO regimens (NCT02314169, NCT02919969, 
NCT04444921, NCT03233711), and IO with chemotherapy 
(NCT03519295-SCARCE study).28

In conclusion, our findings from a real-world cohort of 
SCCA demonstrated the feasibility of a tumor-informed 
ctDNA assay in this population. Incorporation of ctDNA test-
ing into the design of clinical studies and/or in clinical practice 
can help identify patients that would most benefit from more 
intensive treatment/surveillance, or reduced treatment/surveil-
lance in the case of ctDNA negativity. In addition, stratifica-
tion of patients by ctDNA status after definitive treatment can 
help determine those at higher risk of relapse, while potentially 
decreasing invasive surveillance methods for the lower-risk 
population. Similar to the utility of tumor-informed ctDNA 
testing in colorectal cancer in patient prognostication, our 
study provides the benchmark for trials incorporating ctDNA 
into physician decision making regarding escalation and 
de-escalation of therapy for patients with anal cancer. Apart 
from being prognostic, ctDNA has shown to be predictive of 
response to IO in patients with advanced stage disease.29 As 
IO treatments are being studied in early-stage disease as well, 
these trials would help establish ctDNA as a prognostic as well 
as a potential predictive marker in this setting.
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