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Clonal tracing of rare anal
metastasis in esophageal
squamous cell carcinoma:
a case report with
whole-exome sequencing
and multimodal therapy
Yuzhu Jiang1†, Yu Pu1†, Zhou Huang1, Qin Pei1, Mengxia Li1*

and Mingfang Xu1,2*

1Department of Cancer Center, Daping Hospital, Army Medical University, Chongqing, China, 2Second
Af�liated Hospital of Chongqing Medical University, Chongqing, China
Esophageal squamous cell carcinoma (ESCC) shows considerable variation in
incidence across different regions and is affected by various risk factors, including
smoking and HPV infection. This article presents a rare case of ESCC that
metastasized to the anal region, illustrating the effectiveness of whole-exome
sequencing and clonal evolution analysis in identifying the origins of the
metastasis. The �ndings reveal distinct clonal characteristics between the
primary tumor and the metastatic site. This underscores the importance of
molecular pro�ling for developing effective treatment strategies.
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Introduction

Esophageal squamous cell carcinoma (ESCC), a common digestive tract malignancy in
China, shows signi�cant regional disparities in incidence. Epidemiological studies indicate
that the development and progression of ESCC are associated with multiple risk factors,
including long-term smoking, alcohol consumption, dietary habits, and genetic
susceptibility (1–3). The typical clinical manifestations of this disease include progressive
dysphagia, weight loss, and retrosternal pain, with advanced patients often suffering from
severe malnutrition due to esophageal obstruction. Meanwhile, anal squamous cell
carcinoma, another malignancy with distinct epidemiological characteristics, is closely
linked to high-risk human papillomavirus infection, and its incidence has shown an
increasing trend in recent years (4, 5).This connection is relevant because, although rare,
metastases of ESCC to the anal region have been reported, presenting unique clinical
manifestations and therapeutic challenges (6). With the rapid advancement of molecular
pathology, signi�cant progress has been made in elucidating the molecular features of ESCC
(7–9). Clinical observations have revealed that ESCC may exhibit atypical metastasis, with
rectal and anal metastases being rare but drawing considerable attention due to their unique
clinical manifestations and therapeutic challenges (10, 11). This metastatic behavior may be
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associated with various factors, including tumor heterogeneity,
microenvironmental characteristics, and host immune status
(12–15).

In clinical pathological diagnosis, the differential diagnosis of
synchronous esophageal and anal squamous cell carcinomas poses
signi�cant challenges. Although modern pathological techniques—
such as immunohistochemical detection of markers like p16, CK5/
6, and p63—can provide important references, the expression of
these markers often overlaps between the two tumor types, limiting
their speci�city (16–18).

Consequently, molecular testing technologies, such as clonal
evolution analysis (e.g., whole-exome sequencing), have
demonstrated signi�cant clinical utility in determining the
primary tumor site and metastatic relationships of tumors (19).

In this article, we report a rare case of esophageal squamous cell
carcinoma (ESCC) with anal metastasis. By integrating clinical
diagnosis and comprehensive genomic pro�ling via whole-exome
sequencing (WES), we reveal the clonal evolution pattern of the
metastatic lesion. This provides valuable insights for the precise
diagnosis and treatment of similar complex metastatic cases.
Materials and methods

Mutation calling

Raw sequencing reads were preprocessed using FASTP (v.1.0.1)
with default parameters for quality control, including adapter
trimming and removal of poly(N) and low-quality reads (20). The
cleaned reads were then aligned to the human reference genome
(GRCh38/hg38) using BWA (v.0.7.19). Samtools (v.1.22.1) was
used to sort the mapped BAM �les, and then GATK (v.4.6.2.0)
was applied to process PCR duplicates and perform base quality
score recalibration (21–23). Somatic mutations, including single-
nucleotide variants (SNVs) and small insertions and deletions
(indels), were called using Mutect2 (v.4.6.2.0), which was
integrated into GATK.

Somatic mutations were called using Mutect2 by comparing
each tumor sample with its matched normal sample. Only variants
labeled as ‘PASS’ were retained. The resulting variants were further
�ltered against a BED �le de�ning the WES target regions to
exclude off-target calls. Putative germline SNPs were removed
using the �les from gnomAD database, with the parameter “–af-
of-alleles-not-in-resource” set to 0.0000025. In addition, cross-
s amp l e con tamina t i on was e s t ima t ed us ing GATK
CalculateContamination, and variants potentially arising from
contamination were �ltered out based on the estimated
contamination level. Maftools (v.2.24.0) was used for the
visualization of mutation data (24).

Mutational signature extraction

We extracted single-base substitution (SBS), doublet-base
substitution (DBS), and small insertion and deletion (ID)
signatures using SigPro�lerExtractor (v.1.2.1) from the SigPro�ler
tool suite (25). For signature extraction, 1,000 iterations were
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performed (nmf_replicates = 1000). A signature was considered
to be supported by the program if the extracted signature can be
reconstructed by multiple SigPro�ler-extracted signatures
(reconstruction cosine similarity � 0.95). The extracted signatures
were compared against the COSMIC v3.2 reference database, and
those with a cosine similarity of � 0.95 were assigned as
known signatures.

Copy number variations

CNVkit (v.0.9.12) was used to infer and visualize copy number
alterations from WES data (26). Tumor and matched normal BAM
�les were provided as input to calculate log2 depth ratios, which
were normalized using the GC content bias and data ratio. Absolute
copy numbers were called using CNVkit’s call command, and the
heatmap of copy number pro�les across multiple samples was
generated with the heatmap module. Focal regions of somatic
copy number gain and loss were identi�ed using GISTIC2.0
(Genomic Identi�cation of Signi�cant Targets in Cancer) (27).
Signi�cant focal aberrations were identi�ed at a con�dence
threshold of 0.98.

Inferring clonality and evolution

Clonal architecture and evolutionary trajectories were inferred
from somatic variant allele frequencies (VAF). Subclonal
architectures were �rst inferred using PyClone (v.0.13.1) (28),
which groups mutations into clusters based on their estimated
cellular prevalence. Clonal phylogeny and genotypes were then
reconstructed from these clusters using Citup (v.0.1.2) (29), with
cellular frequencies derived from whole-exome sequencing of
multiple tumor biopsies as input. Temporal clonal dynamics were
then visualized with TimeScape (v.1.32.0), illustrating shifts in
subclonal abundance and lineage divergence across sequential
samples or time points.
Case presentation

Basic information

A 47-year-old male patient presented in July 2022 with
progressive dysphagia for dry, solid foods. Endoscopic
ultrasonography (2022–07–01) revealed a neoplastic lesion
involving all four walls of the esophagus at 32 cm from the
incisors, extending to the subcardiac region. The tumor invaded
the muscularis propria, corresponding to stage T3, and multiple
enlarged peritumoral lymph nodes were observed (Figures 1A, B).
Pathological examination con�rmed esophageal squamous cell
carcinoma (Figure 1C). Contrast-enhanced CT of the chest and
abdomen, along with upper abdominal MRI, further identi�ed: (1) a
space-occupying lesion in the lower esophagus and cardia; (2)
metastatic lymphadenopathy in the mediastinum and
hepatogastric space (cN2); (3) multiple hypoenhancing hepatic
nodules suspected to be metastases (Figures 1D–F). Based on
these imaging and pathological �ndings, the �nal diagnosis was
frontiersin.org

https://doi.org/10.3389/fimmu.2026.1727070
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Jiang et al. 10.3389/fimmu.2026.1727070
gastroesophageal-junction squamous cell carcinoma (cT3N2M1,
Stage IV) with liver metastases. The patient had no family history
of cancer in �rst-degree relatives. He had a 15-year smoking history
(20 cigarettes/day) until quitting in 2014, and a >20-year history of
alcohol consumption (500 mL liquor daily) until cessation upon
cancer diagnosis in 2022.

Treatment course and clinical outcomes

After enrollment in clinical trial NCT04471480, the patient
received �ve cycles of systemic chemotherapy from July 15, 2022, to
October 21, 2022, consisting of camrelizumab 200 mg IV on day 1,
albumin-bound paclitaxel 400 mg IV on day 1, carboplatin 550 mg
IV on day 1, and anlotinib 8 mg orally from day 1 to 14. The tumor
showed signi�cant regression; PET-CT at 5 months demonstrated
only mild mucosal thickening at the esophagogastric junction with
low FDG uptake and complete resolution of liver metastases,
thereby achieving a complete clinical response (CR) (Figures 2A,
B). Subsequently, the patient underwent radical esophagectomy
with three-�eld lymphadenectomy on December 14, 2022.
Postoperative pathology con�rmed ypT0N0 (CAP grade 0) with
no metastases in all 27 resected lymph nodes (Figure 3A).
Maintenance therapy with camrelizumab plus anlotinib was
continued thereafter.

In March 2023, enhanced CT and biopsy con�rmed squamous
cell carcinoma of the anus along with metastatic squamous cell
carcinoma in bilateral inguinal lymph nodes (Figures 3B–D). The
patient received radiotherapy of 50.4 Gy in 28 fractions to the anal
region and inguinal nodal basin, with adjusted systemic therapy
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consisting of camrelizumab, capecitabine, and anlotinib. The
patient is expected to remain disease-free as of February 2026.
The diagnostic and therapeutic timeline for the patient is presented
in (Figure 3E).

Molecular characterization and analysis

Whole-exome sequencing (WES) and comprehensive genomic
pro�ling were conducted on four patient samples: pretreatment
esophageal squamous cell carcinoma (Sample 1), post-neoadjuvant
therapy pathological complete response (pCR) esophageal tissue
(Sample 2), postoperatively identi�ed anal squamous cell carcinoma
(Sample 4), and synchronously detected metastatic squamous cell
carcinoma in the inguinal lymph node (Sample 3). The analysis of
genomic variations focused on tumor mutational pro�les,
mutational pathways, mutational signatures, copy number
variations (CNVs), and tumor clonal evolution to clarify clonal
origins and metastatic progression, as illustrated in Figure 4
(datasets are available in CNCB and the accession numbers
are PRJCA048316).

The CNV analysis revealed a signi�cant high-level ampli�cation
at the 6p23 locus (log2 ratio = 3.8) in Sample 1, the primary
esophageal tumor, which was also present in Sample 3, the lymph
node metastasis, indicating a shared clonal origin (Figures 4E, F). In
contrast, Sample 2, the pCR tissue, exhibited no signi�cant
ampli�cation, with CNV levels similar to those of normal tissue
(log2 ratio range: -1 to 1). The CNV heatmap further supported this
observation, showing that Samples 1, 3, and 4 had comparable
global CNV pro�les characterized by gains and losses across various
FIGURE 1

Initial diagnostic imaging and pathology of the primary esophageal squamous cell carcinoma (ESCC). (A, B) Endoscopic ultrasonography images showing
a neoplastic lesion involving all four walls of the esophagus at 32 cm from the incisors, with invasion into the muscularis propria (T3 stage) and
associated peritumoral lymphadenopathy. (C) Histopathological examination (H&E stain) of the endoscopic biopsy con�rming esophageal squamous cell
carcinoma. (D–F) Typical enhanced CT images of the chest/abdomen (D, E) and an MRI image of the upper abdomen (F) show the primary tumor in the
lower esophagus, metastatic lymph nodes between the liver and stomach, and liver metastases (indicated by arrows).
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chromosomal regions, while Sample 2 displayed a minimal CNV
burden, reinforcing the molecular basis for the pathological
complete response (Figure 4E).

The analysis of the tumor mutational landscape revealed
recurrent alterations in genes such as DOCK8, HDGFL2, and
KCTD19 in both Sample 1 and Sample 4, as illustrated in
Figure 4A. The classi�cation of variants showed that missense
mutations, indicated by green bars, and nonsense mutations,
indicated by red bars, were the most common types. Oncogenic
signaling pathways affected by mutated genes in each sample are
shown in Figure 4B. Notably, the same KCTD19 mutation
(chr16:67304565C>G) was detected in Sample 1 and Sample 4
with different VAFs, which indicates a clonal relationship
between two samples. Clonal architecture reconstruction and
evolutionary trajectory analysis indicated that Sample 4 arose
from metastatic seeding of the subclone carrying this mutation,
which disseminated from the primary esophageal tumor to the
perianal region at an early stage and subsequently established
successful colonization (Figure 4G). By contrast, Sample 3, a
metastatic tumor in the lymph node, and Sample 4, an anal
squamous cell carcinoma, exhibited unique private mutations,
indicating that clonal evolution was actively occurring during the
metastatic process.

The analysis of mutational signatures demonstrated a high
degree of consistency across all four samples, reinforcing their
clonal relatedness. However, variations in the contribution of
these signatures pointed to clonal heterogeneity as the evolution
progressed (Figure 4C, D).

Furthermore, multidimensional genomic pro�ling illustrated a
hierarchical accumulation of genetic changes. Sample 1, the primary
tumor, displayed foundational clonal features, such as ampli�cation
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of chromosome 4, which were also present in Samples 3 and 4.
However, Sample 4 acquired additional subclonal ampli�cations in
chromosomes 9 and 18, re�ecting ongoing clonal evolution. This
observation supports the “seed and soil” theory of metastasis, which
posits that metastatic subclones adapt and evolve within different
microenvironments, as evidenced by the distinct subclonal
ampli�cations in Sample 4. Overall, the shared patterns of copy
number alterations, the conserved mutational signatures, and the
hierarchical accumulation of genetic alterations provide strong
evidence that the anal squamous cell carcinoma (SCC) in Sample
4 and the inguinal lymph node metastasis in Sample 3 originated
from the primary esophageal SCC in Sample 1. These �ndings
indicate that they did not arise as independent primary tumors.
Discussion

Esophageal squamous cell carcinoma, as a highly aggressive
malignant tumor, presents signi�cant clinical challenges due to its
complex metastatic patterns and marked tumor heterogeneity (30).
The present case of ESCC with anal metastasis is extremely rare in
clinical practice. Diagnostic dif�culties arise from the limitations of
traditional histomorphology and immunohistochemistry in
distinguishing metastatic lesions from multiple primary tumors (6).
This study, through multimodal clinical diagnostics and WES-based
genomic pro�ling, provides the �rst evidence of shared driver mutations
between the primary esophageal tumor and the anal metastatic lesion,
offering new insights into the metastatic biology of ESCC.

Building on these �ndings, whole-exome sequencing and clonal
evolution analysis in this patient not only con�rmed the anal
FIGURE 2

Treatment response assessment. (A, B) Fused PET-CT images at the level of the esophagogastric junction before (A) and after (B) neoadjuvant
therapy, showing signi�cant metabolic regression of the primary tumor (SUVmax reduced) and complete resolution of previously noted liver
metastases, indicating a complete clinical response (CR).
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