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Abstract. The present study reports a rare case of synchronous 
colorectal mucinous adenocarcinoma (CMAC) and pancre‑
atic ductal adenocarcinoma (PDAC). A 61‑year‑old man 
complained of hematochezia for half a month. Colonoscopy 
and biopsy in a local hospital revealed mucinous adenocar‑
cinoma in the sigmoid colon, and a subsequent abdominal 
computed tomography examination in Ren Ji Hospital 
(Shanghai, China) identified an unexpectedly hypovascular 
lesion in the body and tail of the pancreas, in addition to 
a mass in the colon. The patient then underwent combined 
surgery consisting of a distal pancreaticosplenectomy 
and a sigmoidectomy, and the postoperative pathological 
tests confirmed the co‑occurrence of CMAC and PDAC. 
Next‑generation sequencing demonstrated no deleterious 
germline mutations, but did find some critical somatic muta‑
tions concerning both tumors. The patient received 12 cycles 
of a combination of 5‑fluorouracil, leucovorin, irinotecan 
and oxaliplatin (modified FOLFIRINOX regimen) as 
adjuvant chemotherapy thereafter. Complete remission was 
achieved at 1 year after the surgery. To the best of our knowl‑
edge, this is the first documented case of such synchronous 
malignances (CMAC and PDAC) in the literature, and its 
publication therefore improves our overall understanding in 
this field.

Introduction

Colorectal cancer (CRC) and pancreatic cancer (PC) are both 
among the leading causes of cancer‑associated deaths in the 
United States (US) (1,2). CRC is the second most common 
cancer diagnosed in women and the third most common 
cancer in men, with population‑based annual incidence rates 
of ~37.7 cases per 100,000 individuals in the US (1). PC is 
a relatively uncommon cancer, with ~13.3  diagnoses per 
100,000 individuals in the US each year (2,3); however, it is 
predicted to be the second leading cause of cancer‑related 
mortality in the US by 2030, owing to its advanced stage at 
diagnosis and resistance to chemotherapy (4).

Multiple primary neoplasms (MPNs), defined as the 
presence of two or more histologically distinct neoplasms 
that are not due to recurrence or metastasis in the same 
individual, are grouped into two large categories, namely 
synchronous neoplasms (the second primary neoplasm is 
diagnosed within 6 months after the diagnosis of the first 
neoplasm) and metachronous neoplasms (the second primary 
neoplasm is diagnosed >6 months after the diagnosis of the 
first neoplasm) (5,6). Over the past decades, MPNs have been 
reported quite frequently but have rarely involved both CRC 
and PC (7,8). Dayer et al (8) reported a case of a synchronous 
CRC and pancreatic neuroendocrine tumor, a less common 
neoplasm arising from the pancreas with a distinct molecular 
profile and natural history from PDAC. Li Destri et al  (9) 
reported only two confirmed PC cases (one synchronous and 
the other metachronous) out of 842 CRC cases (0.24%). There 
are no established guidelines for the management of MPNs, 
therefore making clinical decisions difficult. The present 
study reports the case of a 61‑year‑old man presenting with 
synchronous CMAC and PDAC. The study aims to report this 
experience in order to shed light on potential clues regarding 
the etiology of MPNs.

Case report

A 61‑year‑old man presented to the local hospital with hema‑
tochezia for half a month. The patient did not have bowel 
habit changes, nausea, emesis or body weight loss during 
this episode. The patient had been drinking and smoking 
for 20 years, and had been taking medication for primary 
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hypertension for 1 year. There was no history of malignancy 
in the family. The patient underwent a colonoscopy and was 
found to have an ulcerative mass of 2 cm in diameter in the 
sigmoid colon (Fig. 1A). Histological examination (hema‑
toxylin and eosin staining) of the biopsy specimens showed 
abundant mucous in the extracellular space, which indicated 
mucinous adenocarcinoma (Fig. 1B). The patient was then 
transferred to Ren Ji Hospital (Shanghai, China) for further 
diagnosis and treatment. A physical examination revealed no 
specific signs of illness. Laboratory examinations showed that 
tumor biomarker levels, including those for carcinoembryonic 
antigen and carbohydrate antigen 19‑9, were all within the 
normal ranges. Consistent with the findings of the colonoscopy, 
abdominal contrast‑enhanced computed tomography (CT) 
showed that the thickened sigmoid colon wall was unevenly 
strengthened with a rough surface (Fig. 1C). Unexpectedly, a 
hypovascular lesion was also discovered in the body and tail 
of the pancreas, which highly suggested the occurrence of 
pancreatic cancer (Fig. 1D).

A multidisciplinary team of internists, surgeons, oncolo‑
gists, radiologists and pathologists diagnosed the patient with 
synchronous CRC and PC after a comprehensive analysis of 
the clinical findings, and proposed combined surgery for the 
two tumors. Thereafter, a distal pancreaticosplenectomy and 
a radical sigmoidectomy with end‑to‑end colorectal anasto‑
mosis were performed. Grossly, there was an ulcerative and 
hard bulging mass of 2 cm in diameter invading the serosal 
layer of the sigmoid colon. In addition, there was another gray 
and hard mass of 4 cm in diameter in the body and tail of 
the pancreas, with surrounding vessels dilated and congested. 
Microscopically, the sections of the colon specimens showed 
poorly differentiated adenocarcinoma with lymph node metas‑
tasis (3/14 lymph nodes), most of which (>50%) consisted of 
a mucinous component (Fig. 2A). Angiolymphatic and peri‑
neural invasion were both positive. The pancreatic specimen 
was determined to be moderately differentiated ductal 
adenocarcinoma with lymph node metastasis (1/16  lymph 
nodes) and angiolymphatic and perineural invasion (Fig. 2B). 
Immunohistochemically, the CRC cells were negative for CK7 
(Fig. 2C), while the PC cells were positive for CK7 (Fig. 2D), 
implicating a histologically distinct origin. Additionally, in 
terms of the expression level of TP53, the CRC cells exhib‑
ited a strongly positive pattern (Fig. 2E), whereas the PC 
cells demonstrated a weakly positive pattern (Fig. 2F). The 
mismatch repair status was stable in both tumors according 
to the findings of immunohistochemical (IHC) staining, 
with retained expression of DNA mismatch repair protein 
Mlh1 (MLH1), DNA mismatch repair protein Msh2 (MSH2), 
MSH6 and mismatch repair endonuclease PMS2 (PMS2) 
proteins (Fig. S1). To uncover the underlying genetic altera‑
tions, a comprehensive molecular analysis by next‑generation 
sequencing (NGS) (a panel of 520 gene hotspot mutations 
closely associated with tumorigenesis and targeted therapy) 
was conducted. NGS revealed a missense mutation of KRAS 
in PC. With respect to CRC, a nonsense mutation of APC was 
discovered, and a missense mutation of TP53 was observed, 
partially explaining its high expression level as shown by IHC 
stain. There were no deleterious germline mutations in the two 
tumors. The protocols of hematoxylin and eosin staining, IHC 
staining and NGS are reported in Data S1.

At 6 weeks after surgery, the patient started to receive a 
combination of 5‑fluorouracil (2,400 mg/m2 of body surface 
area), leucovorin (400 mg/m2), irinotecan (150 mg/m2) and 
oxaliplatin (85 mg/m2) (modified FOLFIRINOX regimen) 
every 2  weeks and completed 12  cycles, without serious 
adverse events documented. The patient was followed up every 
third month after surgery and had recovered well and was free 
of cancer recurrence at the 1‑year follow‑up.

Discussion

Emerging evidence suggests that the increasing occurrence of 
MPNs is affected by a myriad of factors, including the late 
effects of cancer therapy, genetic predisposition, behavioral 
and lifestyle factors, environmental determinants (such as 
viral infection and occupation), host effects (such as age, 
sex, immune function and hormones) and combinations of 
these factors (such as gene‑environment interactions)  (10). 
On the basis of the major etiological factors, Travis et al (11) 
categorized MPNs into three distinct groups, including 
treatment‑associated MPNs, syndromic MPNs and those with 
shared etiology.

Despite the fact that great advances in cancer therapy, such 
as chemotherapy, immunotherapy and targeted therapy, have 
markedly improved the overall survival time of patients with 
cancer, they have significantly increased the risk of MPNs for 
cancer survivors, partially due to acquired somatic gene muta‑
tions and chromosomal abnormalities (12). For instance, the 
use of alkylating agents and DNA‑topoisomerase inhibitors 
has increased the risk of secondary leukemia (13). However, 
in the present case, the patient had not previously undergone 
anticancer therapy, therefore excluding the possibility of 
treatment‑associated MPNs.

Individuals with germline mutations in cancer predisposi‑
tion genes are prone to various benign or malignant tumors; 
therefore, they may be eligible for high‑risk screening and 
prevention strategies. To date, >100  of these genes have 
been identified, such as TP53, APC, BRCA1, BRCA2 and 
PMS2 (14,15). Heterozygous germline mutations occur in most 
cases (16). The most common cancer syndrome identified in 
patients with CRC is hereditary nonpolyposis CRC, also 
termed Lynch syndrome, which is characterized by a germline 
mutation of a mismatch repair gene, including MLH1, MSH2, 
PMS2 and MSH6, or a germline deletion of EpCAM (17). In 
this study, as shown by the results of IHC, tumor cells in both 
CMAC and PDAC stably expressed MLH1, MSH2, PMS2 and 
MSH6, therefore excluding the possibility of Lynch syndrome. 
Additionally, no pathogenic germline mutations were detected 
by NGS, indicating that the two tumors may arise from a 
sporadic occurrence.

It is acknowledged that progressive accumulation of 
somatic gene mutations resulting from replication errors 
or DNA damage throughout life could result in sporadic 
cancer (18). In the present case, somatic mutations of onco‑
genes were observed in both cancer types. A somatic mutation 
of KRAS, an essential gene controlling MAPK signaling, is 
the most common oncogenic alteration in PDAC, occurring in 
~90% of cases (19), including the present case. This mutation 
facilitates PDAC cell survival by protecting against inflam‑
mation‑associated senescence and promoting autophagy, 
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micropinocytosis and stress granule formation (20). KRAS 
mutation is also frequently observed in CRC and non‑small 
cell lung cancer (NSCLC), and serves as a promising target for 
cancer therapy (21‑24). TP53 is an essential tumor suppressor 
gene that can sense DNA damage and then arrest the cell 
cycle, acting as the so‑called ‘guardian of the genome’. A 
somatic mutation of TP53 can be found in various cancer 
types, including CRC, PDAC, gastric cancer (GC), NSCLC, 
lymphoma and leukemia  (25‑27). This mutation is closely 
associated with colorectal adenoma‑carcinoma transition and 
confers a poor prognosis (28). Compared with mutations in 
the aforementioned two genes, the somatic mutation of APC 
predominantly occurs in CRC (1). Through the regulation of 
β‑catenin levels and localization, APC functions as a tumor 
suppressor, and inactivation attributable to somatic mutation 
occurs in 70‑80% of sporadic CRC cases (29).

Previous reports of MPNs involving CRC or PDAC high‑
light genetic alteration as a potential factor fostering cancer 
initiation and progression (30‑34). Hirata et al (32) reported 
a case of Lynch syndrome. The patient, who had a history of 
rectal and urinary bladder cancer, developed a liposarcoma 
in the left thigh. Genetic tests of a blood sample revealed a 
pathogenic germline mutation of MSH2 (32). In another case, 
an 86‑year‑old man was diagnosed with synchronous CRC and 

B‑cell chronic lymphocytic leukemia. Somatic mutations of 
KRAS and BRAF were determined in the CRC specimen (34). 
In another patient with metachronous CRC and breast cancer, 
genetic tests demonstrated constitutional hypermethylation of 
the MLH1 promoter in both of the cancer specimens, while 
no germline or somatic mutations were found, suggesting an 
essential role of epigenetic mutation in tumorigenesis (31). 
Consistent with the present case, a somatic mutation of KRAS 
was discovered in a previous case involving PDAC  (33). 
Furthermore, in a 56‑year‑old man with metachronous PDAC 
and hereditary diffuse GC, a germline mutation of CDH1 was 
identified in the GC. In terms of PDAC, somatic mutations of 
KRAS and TP53 were determined, but no CDH1 mutation 
was found, indicating a histologically distinct origin of the two 
tumors (33).

The role of lifestyle factors, such as tobacco use, excessive 
alcohol intake and obesity, emerges as an area of great interest 
with regard to MPNs. Tobacco products lead to millions of 
cancer‑associated deaths per year worldwide and are one of the 
major causes of MPNs. Tobacco delivers a plethora of carcino‑
gens, such as polycyclic aromatic hydrocarbons and volatile 
organic compounds, which are responsible for the somatic 
mutations observed in cancer predisposition genes  (35). 
Alcohol intake is another acknowledged risk factor for cancer. 

Figure 1. (A) Colonoscopy showing an ulcerative mass in the sigmoid colon. (B) Histological specimen showing colorectal mucinous adenocarcinoma 
(hematoxylin and eosin stain; x400 magnification). Abdominal contrast‑enhanced computed tomography showing (C) a thickened sigmoid colon wall that is 
unevenly strengthened (arrow) and (D) a hypovascular lesion in the body and tail of the pancreas (arrow).
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Multiple mechanisms are responsible for its oncogenic effect, 
including the genotoxic effect of acetaldehyde (the primary 
metabolite of alcohol), increased estrogen levels, the produc‑
tion of reactive oxygen species and nitrogen species, and 
changes in folate metabolism (36). Notably, Prabhu et al (37) 
discovered a positive synergistic effect of alcohol and tobacco 
use on the risk of esophageal squamous cell carcinoma. In 
the present case, the patient had a 20‑year history of drinking 
and smoking, therefore placing himself at an elevated risk of 
various tumors. There is therefore a pressing need to improve 
people's lifestyles, for example, encouraging them to control 
weight and alcohol consumption, and quit smoking, which 
may contribute to the prevention of MPNs.

Adenocarcinoma is the most common form of CRC, occur‑
ring in ~85% of patients with CRC, whereas only 10‑15% of 
patients with CRC are diagnosed with mucinous adenocarci‑
noma, which is characterized by abundant extracellular mucin 
comprising at least 50% of the tumor volume (38). Compared 
with the non‑mucinous subtype, mucinous colorectal adeno‑
carcinoma is more frequently diagnosed at an advanced 
stage (39). In addition, it has an aberrant metastatic pattern 
and it often metastasizes to more than one site, especially 
to extrahepatic regions, such as distant lymph nodes and 
the peritoneum, which predicts a poor prognosis  (38). In 

the present case, no distant metastases were found, with 
only regional lymph node metastases, suggesting localized 
advanced disease.

Due to the lack of specific symptoms at an early stage, 
~90% of patients with PC are diagnosed at an advanced 
stage, with systematic metastasis observed in >50% of cases, 
therefore leading to a high mortality rate (40). Regarding the 
diagnostic modalities, abdominal CT angiography exhibits 
a sensitivity ranging from 76 to 96% in the detection of PC, 
which is helpful in the assessment of vascular anatomy and 
stage of disease (41). Endoscopic ultrasound‑guided fine‑needle 
aspiration (EUS‑FNA) is recognized as an adjunctive tool 
for tissue acquisition to confirm the histologic diagnosis and 
facilitate molecular analysis (2). In the present case, it would 
have been more rational to have conducted EUS‑FNA before 
the surgery; however, the patient declined due to the potential 
complications, such as infection, hemorrhage and pancreatitis.

In the present case, the patient complained of hematochezia 
for half a month, which is a common sign of CRC. The subse‑
quent colonoscopy and hematoxylin and eosin staining of the 
biopsy specimens revealed the diagnosis of mucinous adeno‑
carcinoma in the sigmoid colon. The findings of the abdominal 
contrast‑enhanced CT showed an unevenly strengthened 
mass in the sigmoid colon, further validating the diagnosis of 

Figure 2. Microscopic examination showing (A) colorectal mucinous adenocarcinoma (HE stain) and (B) pancreatic ductal adenocarcinoma (HE stain). 
Colorectal cancer cells were negative for (C) CK7 (IHC stain) and strongly positive for (E) TP53 (IHC stain), whereas pancreatic cancer cells were (D) positive 
for CK7 (IHC stain) and (F) weakly positive for TP53 (IHC stain) (all images: Left, x40 magnification; inset right, x200 magnification). HE, hematoxylin and 
eosin; IHC, immunohistochemical.
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CMAC, the origin of which was unknown. Another hypodense 
lesion in the pancreas was also identified in the CT scan. It 
has been established that primary PC typically appears as 
hypodense relative to the pancreatic parenchyma owing to 
high interstitial pressures within the tumor tissue (42), which 
is in line with the present case. However, metastatic pancreatic 
lesions arising from CRC appeared hyperdense in a previous 
case, indicating that the possibility of metastatic PC was rela‑
tively low (43). The most likely method of cancer metastasis 
from the pancreas to the sigmoid colon is through the blood 
vessels. However, the vein of the pancreas leads to the liver 
via the portal vein. Hence, the possibility of solitary colonic 
metastasis without liver metastasis is extremely low. Based on 
the aforementioned facts, in the present study, it was assumed 
that the patient had synchronous colonic and pancreatic 
cancer, and the postoperative pathological tests corroborated 
this hypothesis.

As there are no established guidelines for MPNs involving 
both CMAC and PDAC, treatment protocols should be tailored 
to the specific condition of the patient, including functional 
status, tumor stage, gene mutation and economic status. In the 
present study, after a comprehensive analysis of the preopera‑
tive CT scan, the tumors were both determined to be resectable 
and a combined surgical resection was performed followed 
by adjuvant chemotherapy with curative intent. According 
to results of the multicenter PRODIGE‑24 trial, the modi‑
fied FOLFIRINOX regimen is recommended as the first‑line 
adjuvant chemotherapy for patients with resected PDAC who 
exhibit excellent performance status (Eastern Cooperative 
Oncology Group Score, 0‑1) (44,45). Fluoropyrimidine and 
oxaliplatin are the cornerstones of adjuvant chemotherapy 
for patients with CRC in stage III and a subset of those in 
stage II. The therapeutic role of irinotecan in metastatic CRC 
has been widely acknowledged (1). Therefore, in the present 
study, the modified FOLFIRINOX regimen was chosen as 
the adjuvant chemotherapy, due to it ability to exert cytotoxic 
effects on both cancer cell types. CMAC has been reported 
with impaired responses to current chemotherapies, as the 
surrounding mucous may function as a physical barrier to the 
drugs (39). Nevertheless, the current patient responded well 
and has not shown any sign of recurrence or metastasis up to 
the time of this report.

In conclusion, the present study reports a rare case of 
synchronous CMAC and PDAC in a 61‑year‑old man without a 
family history of malignancy. Radical surgery was undertaken 
to remove the two tumors concurrently, followed by adjuvant 
chemotherapy, which proved to be effective. As demonstrated 
by the NGS results, no deleterious germline mutations were 
found, whereas critical somatic mutations were discovered 
in both tumors. In addition, unhealthy lifestyle factors were 
identified in the patient, suggesting that the disease may be a 
result of a complex interaction between genes and the environ‑
ment. Overall, it is of great importance to identify additional 
primary malignancies in clinical practice, as they could largely 
influence the planned therapeutic schedule, and thereby the 
long‑term outcomes of patients.
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