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Abstract

BACKGROUND

Two or multiple primary malignant neoplasms (MPMNSs) rarely occur in the same
patient. It has been reported that MPMNs are easily misdiagnosed as the
recurrence or metastasis of malignancies in clinical practice, affecting the choice of
treatment for the patients, thereby resulting in the delay of optimal diagnosis.
Next generation sequencing (NGS) can be used to distinguish between multiple
primary lung cancers and intrapulmonary metastasis, and may distinguish the
origin of tumours in different sites of the body.

CASE SUMMARY

We report the case of 66-year-old woman who suffered from different malignant
neoplasms in the rectum and esophageal and gastrointestinal tract. The first
neoplasm rectal adenocarcinoma was diagnosed and removed in 2016. The second
and third lesions were diagnosed with esophageal squamous-cell carcinoma
(ESCC) and gastrointestinal stromal tumour (GIST), respectively, in 2019. Next-
generation whole exome sequencing was performed on the tissue specimens of
rectal carcinoma, esophageal cancer, GIST, and white blood cells to investigate the
relationship between malignancies at different timeframe and determine whether
the ESCC and GIST evolved from the rectal adenocarcinoma. Mutations including
v-Ki-ras2-Kirsten rat sarcoma viral oncogene homolog, adenomatosis polyposis
coli, and mothers against decapentaplegic homolog 4 were detected in rectal
adenocarcinoma sample, mast/stem cell growth factor receptor was detected in
GIST tissue, and lysine methyltransferase 2D was detected in ESCC specimen.
Overall, ESCC and GIST were not genetically evolved from rectal adenocar-
cinoma, and this patient did not have a trunk driven clone.
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CONCLUSION
NGS is an effective tool to study clonal evolution of tumours and distinguish
between MPMN’s and intrapulmonary metastasis.

Key Words: Multiple primary malignant neoplasms; Whole exome sequencing; Rectal
carcinoma; Esophageal squamous-cell carcinoma; Gastrointestinal stromal tumour; Case
report
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Core Tip: We report a case of multiple primary malignant neoplasms. In this case, next-
generation whole exome sequencing confirmed that esophageal squamous-cell
carcinoma and gastrointestinal stromal tumour were not genetically evolved from rectal
adenocarcinoma that was removed 3 years ago but occurred independently. The results
of next-generation whole exome sequencing of the tumour tissues confirmed the
specimens’ evolution relationship.

Citation: Ouyang WW, Li QY, Yang WG, Su SF, Wu LJ, Yang Y, Lu B. Genetic characteristics
of a patient with multiple primary cancers: A case report. World J Clin Cases 2021; 9(28):
8563-8570

URL: https://www.wjgnet.com/2307-8960/full/v9/i28/8563.htm
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INTRODUCTION

Multiple primary malignant neoplasms (MPMNSs), also known as multiple primary
cancers, refer to the simultaneous occurrence of two or more primary malignancies in
one or more organs and tissues of the same patient. To our knowledge, MPMNs are
easily misdiagnosed as the recurrence or metastasis of malignant tumours in clinical
settings, which affects the choice of treatment for the patients and further delays the
optimal diagnosis. As diagnostic techniques and treatments develop, the life of
patients with MPMNs is increasing.

Colorectal cancer is a malignant tumour with high morbidity and mortality in the
world[1]. In recent decades, the incidence rate of colorectal cancer remains high in
developing countries[2]. Esophageal cancer is the fourth most common cause of
cancer-related death worldwide, ranking sixth in incidence[3]. There are two main
subtypes of this disease, including esophageal squamous-cell cancer (ESCC) and
esophageal adenocarcinoma. The incidence of these two types varies by geographic
areas, with approximately over half of the esophageal cancer cases detected in China,
especially ESCC[4]. MPMNs may occur simultaneously or successively in different
sites in an individual with colorectal cancer, accounting for about 4.5%[5-8]. Dual
primary tumours are most common in MPMNs, while triple primary tumours are rare
[9]. The second most frequently reported cancers since 2011 are renal, uterine, cervical,
and lung cancers[9]. Zhou et al[10] reported a case of coexistence of gastrointestinal
stromal tumour (GIST) and esophageal and gastric cardia carcinomas in 2013. In the
following year, Suzuki et al[11] described a 76-year-old man with a large GIST along
with advanced adenocarcinoma in the rectum complicated with prostate carcinoma in
2014. Fan et al[12] also presented a rare case of synchronous occurrence of hereditary
gastric adenocarcinoma, gastrointestinal stromal tumour, small cell esophageal
carcinoma, and squamous carcinoma in situ in 2017. However, colorectal cancer,
esophageal cancer, and GIST have rarely been reported in the same patient and there
is no analysis of gene mutations in these rare cases.

In the present study, we report a patient who developed ESCC and GIST in 2019,
with a history of surgery for rectal adenocarcinoma 3 years ago. Whole exome
sequencing (WES) was used to investigate the patient's genetic characteristics, as well
as the relevance of different tumours in this patient.

8564 October 6,2021 | Volume9 | Issue28 |


http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i28/8563.htm
https://dx.doi.org/10.12998/wjcc.v9.i28.8563

Jaishideng®

Ouyang WW et al. Using NGS to diagnose MPMNs

CASE PRESENTATION

Chief complaints

In February 2019, a 66-year-old woman was admitted to Guizhou Cancer Hospital
with swallowing and choking difficulties for more than 5 mo, and her symptoms
worsened in the past 1 mo.

History of past illness

In March 2016, the patient was hospitalized at a local hospital due to anal distention
and changes in bowel habits. On admission, the colonoscopy and biopsy examinations
revealed a rectal carcinoma with high-grade epithelioid neoplasia. Meanwhile, digital
rectal examination showed the presence of an ulcerous neoplasm that was palpable 4-5
cm from the lateral wall of the rectum and invasive for about half a week. Besides, the
neoplasm was about 3 cm x 3 cm in size, hard in texture, and inactive. In the same
month, the case received laparoscopic radical resection of rectal carcinoma and rectal
sigmoid anastomosis, whereas preoperative neoadjuvant therapy was not performed
at the patient's request. Finally, the patient was diagnosed with stage IIIB (T3N1cMO0)
mucinous adenocarcinoma of the rectum with a tumour size of 4.5 cm x 3.5 cm. After
discharge, the patient did not return for further treatments such as chemotherapy.

Personal and family history
The patient had no family history of similar lesions.

Physical examination
Karnofsky Performance Status Scale (KPS) has been widely adopted to quantify the
functional status of cancer patients. In this study, the KPS of the case was 80.

Laboratory examinations

Postoperative pathology exhibited moderately to highly differentiated ESCC (4 cm x 2
cm) (Figure 1A), with tumour invasion of the whole esophageal wall, vascular
invasion (+), and nerve invasion (+/-), without the two cutting edges of the samples.
The results of hematoxylin-eosin stained tissue morphology and immunohisto-
chemical markers revealed four spindle cell nodules in the lesser curvature and cardia,
including one leiomyoma and three GISTs (Figure 1B) (nuclear fission: 0-1/5 mm?,
tumour size: 1 cm x 0.8 cm % 0.2 cm, and extreme low risk for invasion). Immunohisto-
chemical staining showed CD117+, Calponin-, MSA-, Des-, SMA-, CK-, Vim+, Ki67+
(2%), CD34+ and Dog+ in GIST cells, and MSA+, Des+, SMA+ and Ki67+ (2%) in
smooth muscle cells.

Imaging examinations

Enhanced computed tomography (CT) scans of the chest showed a thickened
esophageal wall and enlarged peripheral lymph nodes, suggesting esophageal cancer
with peripheral lymph node metastasis (Figure 2A). In addition, the increased density
of the lower lobe of both lungs might be caused by inflammation. Subsequently,
esophagoscopy examination showed esophageal neoplasia with stenosis, indicating
progressive esophageal cancer. Pathological results revealed that ESCC was about 25
cm away from the incisors. The CT image of nodules of the lesser curvature of the
stomach is shown in Figure 2B.

FINAL DIAGNOSIS

The patient was diagnosed as having postoperative stage III middle thoracic ESCC
(pT4NOMO), and spindle cell nodules of the lesser curvature and cardia (1 leiomyoma
and 3 GISTs) after rectal adenocarcinoma.

TREATMENT

The patient underwent thoracoscopic radical resection of esophageal cancer,
reconstruction of the digestive tract, and systematic lymph node dissection. After
surgery, she received both adjuvant chemotherapy and targeted therapy (5-
fluorouracil, cisplatin, and docetaxel therapy and nimotuzumab). On day 1, the patient
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Figure 1 Postoperative histopathology of two lesions. A: Postoperative histopathology of esophageal squamous-cell carcinoma lesion (magnifications, x
400); B: Postoperative histopathology of gastrointestinal stromal tumour lesion (magnifications, x 400).

Figure 2 Preoperative computed tomography images. A: Computed tomography (CT) scans of the chest showed a tumour in the esophagus; B: CT image
of nodules of the lesser curvature of the stomach. The orange circles indicate tumour lesions.
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was administered intravenously with nimotuzumab (100 mg) for more than 60 min,
followed by intravenous infusion of cisplatin (75 mg/m? 100 mg) on days 2 and 3. At
the same time, she also received pump injection of fluorouracil (500 mg/m?/d, 3400
mg) on days 1 to 5. Besides, the patient was treated by antiemesis, acid suppression,
gastric protection, hydration, dexamethasone allergy prevention and nutritional
support for 21-18 d/cycle, followed by re-examination after two cycles of chemo-
therapy. During targeted drug therapy, vital signs were monitored for 7 d/cycle.
There was no postoperative treatment for leiomyoma or gastric GISTs.

OUTCOME AND FOLLOW-UP

The observation indexes were non-target lesion and the occurrence of new lesion. The
efficacy and the toxic and side effects were evaluated according to the RECIST
standard and CTC4.0 standard, respectively. After the completion of chemotherapy
and targeted therapy in August 2019, the patient was in good physical condition and
routine follow-up showed no abnormalities.

To study the patient's genetic characteristics, informed consent was obtained from
the patient. Whole exome sequencing (WES) was carried out on the tissue specimens
of rectal carcinoma, esophageal cancer, GIST, and white blood cells. For sequencing,
the genomic DNA was first sheared into 150-200 bp fragments using Covaris M220
Focused-ultrasonicator Instrument (Covaris, MA, United States). Next, the fragmented
DNA libraries were constructed via NimbleGen SeqCap EZ Exome Library Kit (Roche,
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WI, United States) according to manufacturer’s instructions. Subsequently, the
captured DNA fragments were sequenced using Illumina Novaseq 6000 sequencing
system at least 50 for blood cells and 100x for tumour tissue samples (Genecast,
Wuxi, Jiangsu Province, China). After filtering out low quality reads, the clean reads
were aligned with the human reference genome (Hg19, NCBI Build 37.5) via Burrows-
Wheeler Aligner (version 0.7.17)[13]. Picard toolkit (version 2.1.0)[14] was used to
make duplicates, while Genome Analysis ToolKit (version 3.7)[15] was adopted for
realignment. VarDict (version 1.5.1)[16] was introduced to single nucleotide variations
calling, while compound heterozygous mutations were merged with FreeBayes
(version 1.2.0)[17]. All mutations were annotated through ANNOVAR[18]. Finally, the
remaining mutations were annotated with pathway information[19]. Copy number
variations (CNVs) were paired via software CONTRA (version 2.0.8)[20] with copy
number threshold 3 for CNV gain and 1.2 for CNV loss.

The results of genetic characteristics showed that carboxyl ester lipase, mucin-16,
mucin-3A (MUC3A), mucin-4 (MUC4), and zinc finger protein 88 were common
mutated genes in the three lesions (Supplementary Figure 1). There were 51 unique
mutated genes in intestinal tumour tissues, 13 in gastric tumour tissues, and 55 in
esophageal tumour tissues (Figure 3A), among which the common mutation sites were
MUC3A p.S697N and MUC3A p.T463P. Additionally, the numbers of unique mutated
gene loci in intestinal tumour tissues, gastric tumour tissues, and esophageal tumour
tissues were 73, 19, and 83, respectively (Figure 3B), indicating a strong heterogeneity
of the three lesions, with few mutated genes and loci in common. According to gene
analysis, v-Ki-ras2-Kirsten rat sarcoma viral oncogene homolog (KRAS), adenomatosis
polyposis coli (APC), and mothers against decapentaplegic homolog 4 (SMAD4) gene
mutations were detected in rectal adenocarcinoma sample, but not in esophageal and
gastric tumour samples (Figure 3C). Furthermore, the mast/stem cell growth factor
receptor (KIT) mutation was detected in GIST tissue, but not observed in intestinal and
esophageal tumour specimens (Figure 3C); lysine methyltransferase 2D (KMT2D) was
noticed in ESCC specimen, but not in intestinal and GIST specimens
(Supplementary Figure 1). The results of CNV revealed that the three lesions were
inconsistent, and the copy numbers of MUC4, family with sequence similarity 91
member A1, LOC101928884, and LOC101929060 in the rectal adenocarcinoma and two
pore segment channel 2 in the ESCC samples were significantly increased, while there
was no significance between gene copy numbers in the GIST tissue (Figure 3D). There-
fore, since 2016, the GIST and esophageal cancer lesions of this patient developed
independently, rather than as clone evolution of rectal adenocarcinoma.

DISCUSSION

Next generation sequencing (NGS) is considered a genetic testing that can be used to
distinguish between multiple primary lung cancers and intrapulmonary metastasis. In
a NGS analysis of 60 patients with multifocal tumours, researchers at Memorial Sloan-
Kettering Cancer Center found that prospective histological predictions were incon-
sistent with the sequencing results in 17 (22%) cases, particularly intrapulmonary
metastases (IPMs) (44%). In comparison with NGS, standard histopathologic approach
is adequate in most cases, but has notable limitations in the recognition of IPMs[21].
Besides, the identification of multiple primary lung cancers or intrapulmonary meta-
stasis by genomic breakpoint connections and chromosomal CNV levels in
rearrangement suggested that the pedigree of paired tumours was categorized by the
sequencing; however, 9 of 33 identical histological tumour pairs were misclassified, 7
were inconclusive, and 2 were metastases by histological evaluation, while categor-
ization was accurate by genetic testing[22]. Jiang et al[23] performed WES in 84 tissue
and blood samples from 26 lung adenocarcinoma patients with liver metastases or
brain metastases, and they found that common driver mutations were highly con-
sistent between paired primary and metastatic tumours, suggesting that next
generation WES sequencing was a useful tool to study tumour evolution. Thus, genetic
testing, especially second-generation WES sequencing, shows great promise in distin-
guishing intrapulmonary metastasis from independent primary clinical issues in non-
small cell lung cancer due to the large number of comprehensive genes covered. In
other cancer species such as intestinal cancer, there have also been some reports of
using genetic testing to distinguish between primary and metastatic cancers[24,25].
MPMNs are sometimes confused with multiple metastases from the same cancer.
Genetic testing is an effective tool for studying these problems; however, the
application of genetic testing to distinguish colorectal cancer, esophageal cancer, and
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GIST in the same patient has rarely been reported. Compared with NGS panel se-
quencing, Sanger sequencing, or normal PCR, WES can cover a comprehensive range
of genes and loci, which is more conducive to the study of tumour evolution and
origin, and its detection results could provide sufficient reference information for
medication. Thus, we performed next-generation WES on the tissue samples of rectal
carcinoma, esophageal cancer including middle thoracic ESCC and GIST, and white
blood cells to investigate the relationship between various tumours in different
periods. Mutations including KRAS, APC, and SMAD#4 were detected in rectal
adenocarcinoma sample, which were not found in esophageal and gastric tumour
samples. KRAS, APC, and SMAD4 mutations are common in colorectal cancer. In the
COSMIC dataset, the mutation frequency of rectal adenocarcinoma is 32%, 73%, and
2%, respectively. The mutation hotspots of KRAS are G12, G13, and Q61[26]; the first
two occur in the GTPase domain, and the latter interferes with the ability of NF1 to
bind and regulate KRAS. Mutations in residues G12, G13, and Q61 alter RAS
interactions with regulatory proteins, leading to constitutive activation[27]. Patients
with any known KRAS mutation (exons 2, 3, and 4) or NRAS mutation (exon 2, 3, and
4) should not be treated with either cetuximab or panitumumab.

KIT p.V559D mutation was detected in GIST tissue, but not in intestinal and
esophageal tumour specimens, which is located in exon 11 of KIT gene. Nearly 90% of
GISTs harbour activating mutations in the KIT gene, and approximately 80% of
patients with metastatic GISTs show at least some clinical response to the targeted
small molecule KIT inhibitor imatinib[28]. In addition, KMT2D mutation was detected
in ESCC specimen, which was not found in intestinal and GIST specimens. The CNV
results revealed that the three lesions were inconsistent.
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From the results of genetic testing, there was no dominant mutation clone in the
rectal adenocarcinoma, GIST, and esophageal cancer lesions in this patient. The two
lesions in 2019 did not evolve from the main clone of the lesion in 2016, and this result
was supported by the favourable prognosis of the patient. After that, no pathogenic
germ-line mutation was identified by WES and the patient also reported no family
history of similar lesions, suggesting that the MPMNs were not triggered by genetic
factors. Therefore, the cause of MPMNs in this case remains unclear.

In addition to studying the origin and evolution of tumours, the results of WES
could also guide the medication for patients. The patient in the case with KRAS
p-G13D should not be administrated with cetuximab. The KIT p.V559D mutation
indicated that the patients might be treated with KIT inhibitor such as imatinib.

Due to limited data, this research only provides a reference for the identification of
multiple primary tumours and metastatic tumours at the genetic level. For large-scale
clinical application, more prospective studies with large sample size are needed to
guide clinical decision-making, and the cost of detection and the economic cost of
patients are also important factors that must be considered.

CONCLUSION

Genetic testing provides important information for the study of MPMN:s. In this case,
next-generation WES confirmed that ESCC and GIST did not genetically evolve from
rectal adenocarcinoma resected 3 years ago, but occurred independently. Besides, the
subject of this study did not have a trunk driven clone. In summary, NGS is a useful
tool to study clonal evolution of tumours.
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