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ctDNA facilitated the diagnosis of a patient with synchronous
urothelial carcinoma and non-small cell lung cancer: case report
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Abstract: The diagnosis and treatment for multiple primary cancers have been a great challenge in clinical
practice. Circulating tumor DNA (ctDNA) is tumor-derived fragmented DNA that circulates in the blood.
Herein we report a case that ctDNA facilitated the diagnosis of synchronous urothelial carcinoma (UC) and
lung adenocarcinoma. A 58-year-old male patient was diagnosed with UC initially. Computed tomography (CT)
revealed multiple metastases without the brain after surgery and adjuvant chemotherapy. However, the patient
had a progressively worsened headache symbol during system therapy. We explored the genome variations
using next-generation sequencing (NGS). HRAS and TP53 mutations were detected from UC surgical tissue
and postoperative ctDNA. Unexpectedly, the epidermal growth factor receptor (EGFR) exon 19 deletion (19del)
mutation, which is common in non-small cell lung cancer (NSCLC), was also identified in ctDNA. Pathological
analysis of a neck lymph node confirmed adenocarcinoma derived from the lung. Meanwhile, EGFR 19del
was detected in neck lymph node biopsy. The ctDNA contained both UC and lung adenocarcinoma-derived
mutations. Thus, the diagnosis was modified into synchronous UC and lung adenocarcinoma. Interestingly, the
lung adenocarcinoma-derived lesions responded well to osimertinib (80mg, once daily), while the UC did not.
His headache rapidly subsided and disappeared. This case demonstrates that ctDNA analysis may better capture
the molecular heterogeneity harbored by multiple primary tumors in a patient and can facilitate the diagnosis

and therapy of patients with simultaneous cancers.
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Background common targetable driver gene in NSCLC. Patients who
have an EGFR-sensitive mutation can benefit from EGFR
tyrosine kinase inhibitors (EGFR-TKIs) but not PD-1/
PD-L1 inhibitors (4). Anti-PD-1/PD-L1 monotherapy

or combination therapy is mainly used for patients whose

Lung cancer and urothelial carcinoma (UC) are major types
of male cancer (1). Cancer of renal pelvis is relatively rare
in renal tumors and UC. Treatment for advanced UC focus
on cisplatin-based chemotherapy and anti-programmed

cell death 1 (PD-1)/programmed cell death ligand 1 (PD-
L1) inhibitors (2). Target therapy is suitable for patients
who have an appropriate marker, such as fibroblast growth
factor receptor (FGFR) alterations (3). Non-small cell lung
cancer (NSCLC) accounts for 85% of lung cancer cases,
and has a greater chance of being treated by target therapy.
Epidermal growth factor receptor (EGFR) is the most
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driver gene negative and PD-L1 positive (5).
Epidemiological studies indicate that the prevalence
of multiple primary cancer is approximately 2-17%, with
an increasing trend in recent years (6). The diagnosis and
treatment for these patients have been a considerable
challenge. Combination with urine cytology and cystoscopy
is widely used to assess for the presence of UC. The
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Figure 1 Hematoxylin and eosin (HE) and immunohistochemistry (IHC) staining of UC and NSCLC (200x, scale bar =50 pm). (A)
High grade urothelial carcinoma: GATA binding protein 3 (GATA-3) and Delta Np63 (P40); (B) lung adenocarcinoma (LUAD): thyroid

transcription factor 1 (T'TF-1) and Napsin-A.

diagnosis of NSCLC is based on the pathologic evaluation
of specimens from biopsy or surgical. In cancer patients,
circulating tumor DNA (ctDNA) are released from cancer
cells and had short half-life of an hour or less (7). These
characteristics determine the potential applications of ctDNA
in cancer management. CtDNA analyzing by next-generation
sequencing (NGS) can be used not only to monitor disease
relapse but also to determine the origin of primary lesions (8).
CtDNA is a promising circulating biomarker in monitoring
and individualized treatment of UC according to
previous report (9). However, its use in clinical practice of
simultaneous UC and NSCLC is uncommon.

Here, we report a case that ctDNA sequencing facilitated
the diagnosis and treatment of simultaneous UC and
NSCLC in a 58-year-old male patient which occurred
in our department. We present the following case in
accordance with the CARE reporting checklist (available at
http://dx.doi.org/10.21037/atm-20-6552).

Case presentation

This study was approved by the institutional ethics
review board of the Army Medical Center of the PLA.
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All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The patient provided written
informed consent for specimen collection, genetic testing,
and use of this information for research purposes.

A 58-year-old male patient with 30-year smoking history
came to our hospital complaining of headache in August
2018. The patient underwent right laparoscopic radical
nephrectomy and gemcitabine adjuvant chemotherapy for
high-grade UC of the renal pelvis in July 2018 (Figure 1A).
Contrast-enhanced chest-abdomen-pelvis computed
tomography (CT) revealed that liver, bone, lung, and lymph
node metastasis. Magnetic resonance imaging (MRI) results
were normal (Figure SI). Subsequently, two cycles of nab-
paclitaxel and one cycle of nivolumab were administered.
However, his headache progressively worsened while the
MRI was still normal. Meanwhile, we performed genetic
analysis of ctDNA and renal surgical lesions using NGS.
There were six mutations in the tissue, including HRAS
p-G12D and TP53 p.E224K, and these mutations were also
found in ctDNA. Unexpectedly, another eight mutations
were identified in ctDNA, including EGFR exon 19
deletion (19del) and amplification (Table 1). EGFR 19del
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Table 1 Tissue and ctDNA NGS results
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Mutation frequency/copy number

Gene cHGVS PHGVS Urothelial carcinoma ctDNA, Aug. Neck lymph node ctDNA, Oct.
(surgical tissue) 2018 (biopsy) 2018

HRAS c.35G>A p.G12D 15.30% 3.70% ND 53.90%
TERT c.-58-u88C>T - 13.80% 2.00% ND 35.20%
HRAS c.470A>G p.Y157C 13.50% 3.60% ND 54.40%
TP53 c.670G>A p.E224K 10.30% 2.70% ND 46.80%
NRAS c.401C[2>3] p.K135Qfs*9 9.40% 1.70% ND 24.10%
ROS1 C.6437C>A p.S2146Y 5.20% 1.60% ND 36.10%
EGFR €.2240_2254delTAAGAGAAGCAACAT p.L747_T751del ND 43.40% 62.20% ND
RBM10 €.994C>T p.Q332* ND 18.60% 44.40% ND
H3F3A c.34delA p.T12Pfs*25 ND 5.20% 17.40% ND
CBL c.616C>T p.R206* ND 4.00% 13.60% ND
EGFR Amplification - ND 6.8 11.6 ND
IFNG Amplification - ND 4.4 6.6 ND
CDK4 Amplification - ND 3.4 6.6 ND
MDM2 Amplification - ND 3.8 6.4 ND
TOP2A c.28A>G p-N10D ND ND ND 6.10%
TOP2A c.4366G>A p.D1456N ND ND ND 4.80%
HIST1H2BO c.48G>C p.K16N ND ND ND 3.90%
MLH3 c.4306G>A p.E1436K ND ND ND 1.90%
TMPRSS2 c.1485delT p.D495Efs*20 ND ND ND 1.60%
ASCL4 c.125G>A p.R42H ND ND ND 1.20%
MLH3 c.322G>T p.E108* ND ND ND 0.60%
ciCc c.92C>T p.S31F ND ND ND 0.50%

ctDNA, circulating tumor DNA; NGS, next-generation sequencing; ND, not detected.

mutation generally occurs in NSCLC and is sensitive to
EGFR-TKIs (10). Suspecting a primary NSCLC,
we performed a biopsy of the neck lymph node. The
pathological characteristics suggested adenocarcinoma
derived from the lung (Figure 1B). NGS for biopsies
revealed eight mutations including EGFR 19del and
amplification. Diagnosis changed to synchronous UC and
lung adenocarcinoma, with multiple metastases. The patient
subsequently received osimertinib (80 mg, once daily) in
September 2018. His headache rapidly subsided after 3 days
and disappeared after 7 days. Carcinoembryonic antigen
(CEA) levels continued to decreased. Contrast-enhanced
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chest-abdomen-pelvis CT results in October 2018 revealed
that lung lesions and mediastinal lymph nodes had reduced,
with all pericardial effusion being clearly absorbed. Liver,
right abdomen, pelvic, and retroperitoneal lymph node
metastasis and the number of bone metastases had increased
(Figure 2), but mutations from lung adenocarcinoma
had disappeared in ctDNA; however, the mutation from
UC was still present and had increased significantly
in frequency (7able I1). Unfortunately, the patient died
2 months later from massive bleeding in the digestive tract
due to extremely low platelets and pancytopenia caused by
extensive bone metastasis.
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Aug. 2018
pre-osimertinib

Oct. 2018
post-osimertinib

Figure 2 Contrast-enhanced chest-abdomen-pelvis computed tomography (CT) images before and after osimertinib. After osimertinib

Qian et al. ctDNA facilitated the diagnosis of multiple primary cancers

therapy, lung lesions and mediastinal lymph nodes had reduced; however, liver, right abdomen, pelvic, and retroperitoneal lymph node

metastasis and the number of bone metastases had increased (white arrow).

Discussion

CtDNA has become a valuable source of sampling in precise
cancer therapy, including molecular testing, and can provide
new insights into intratumor and intertumor heterogeneity,
thus aiding in cancer detection and monitoring. CtDNA
can reflect the mutational landscape of tissue with favorable
specificity and sensitivity, with increasing studies reporting
high genomic concordance rates between tissue and plasma
samples in NSCLC, UC, and other cancers (11-13). In
early stage colorectal cancer, it was found that ctDNA can
be used to detect residual tumor DNA following surgery
and predict recurrence risk, with ctDNA-positive patients
having higher recurrence rates and shorter disease-free
survival than ctDNA-negative patients (14). For metastatic
disease, ctDNA can be used to assess tumor burden, guide
target therapy, and monitor disease response and resistance
mechanisms, which includes EGFR-TKI management in
EGFR-driven NSCLC (15).

In the current study, the patient was initially diagnosed
as UC. HRAS and TP53 mutation were tested in surgical
tissue and post-surgical plasma. TP53 and RAS-family
gene are commonly mutated genes in UC, and ctDNA-
positive may predict poor survival. Unexpectedly, we also

found EGFR 19del, EGFR amplification, and MDM?2
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amplification in ctDNA; as these usually occur NSCLC,
we were alerted to the possibility of a double primary
tumor. Pathological examination of the neck lymph node
confirmed our suspicions, and the diagnosis was changed to
synchronous UC and NSCLC. EGFR 19del being sensitive
to EGFR-TKIs and MDM?2 might have contributed to
immunotherapy hyper-progression (16). CT imaging and
ctDNA monitoring indicated osimertinib had a favorable
effect on NSCLC disease; however, UC lesions continued
to grow beyond control. Large-scale epidemiological
studies have established an association between UC and
NSCLC, indicating that the relative risk of developing
NSCLC in UC patients increased (17-19). CtDNA analysis
may be a feasible method for the detection of UC with lung
metastasis or synchronous UC and NSCLC.

Conclusions

This case demonstrates that ctDNA analysis may better
capture the molecular heterogeneity harbored by multiple
primary tumors in a patient, and may thus provide useful
information for detection, diagnosis, and therapy in patients
who have simultaneous UC and NSCLC. Further studies
still need to be developed to explore treatment strategies for
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simultaneous cancer.
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Figure S1 Magnetic resonance imaging (MRI) results were normal
in August 2018.
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