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Case presentation

A 70-year-old man with an unremarkable medical history 
and no history of smoking presented to his primary care 
physician with intermittent abdominal cramping, mild 
abdominal bloating, and a dry cough that had begun 
approximately 2 months prior. Four months later, the patient 
developed persistent abdominal pain and dyspepsia. His 
Eastern Cooperative Oncology Group (ECOG) performance 
score at this time was 0. His family history revealed that 
his mother had lung cancer of an uncertain etiology.  
A subsequent colonoscopy showed a flat ulcerated mass of the 
colon at the hepatic flexure. Pathologic examination revealed 
a tubulovillous adenoma with high-grade neuroendocrine 
carcinoma (HGNEC). A computed tomography (CT) scan of 
the chest, abdomen, and pelvis revealed a mass in the cecum 
measuring 5.3×3.7 cm and several small, suspicious regional 
mesenteric lymph nodes. Magnetic resonance imaging (MRI) 
of the brain was unremarkable. 

The patient underwent a right hemicolectomy with a 
terminal ileum resection and lymph node and omentum 
sampling. The resulting pathologic examination revealed 
a 6.0-cm pT4a tumor that was described as a high-grade  

carcinoma with a syncytial growth pattern, a high 
nucleus/cytoplasm (N/C) ratio, numerous mitoses and 
apoptotic cells, and large nuclei with coarse chromatin 
but without prominent nucleoli. The Ki-67 proliferation 
index was reported to be 90%. Cells showed uniform 
granular cytoplasmic positivity for synaptophysin (weak 
to intermediate in >75% of the cells), but no reactivity to 
chromogranin. Thyroid transcription factor-1 (TTF-1) 
expression was negative, and there was no loss of mismatch 
repair antigen expression (MLH1, MSH2, MSH6, or PMS2). 
All surgical margins were negative (R0 resection). There 
was no perineural invasion, but lymphovascular invasion was 
present. None of the 25 lymph nodes sampled had malignant 
involvement. Omental sampling of two nodules revealed 
no evidence of malignancy. The results of microsatellite 
instability testing were negative. Final pathologic diagnosis 
was stage T4aN0M0 large-cell high-grade neuroendocrine 
carcinoma of the colon.

The patient was treated with adjuvant carboplatin and 
etoposide and completed four cycles of therapy without 
dose adjustment, but his third cycle was delayed because 
he developed atrial flutter. Three months after completing 
chemotherapy, restaging CT scans revealed a new 3.9-cm 
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liver mass and new nodules in the peritoneum. Liver mass 
biopsy confirmed metastatic disease. At this time, tissue 
from the original tumor was sent for molecular profiling. 

Molecular profiling with a PathGroup SmartGenomicsTM 
(Brentwood, TN, USA) Cytogenomic Array revealed a 
complex karyotype that included the loss of 1, 2p, 3p, 4, 9, 
11q, 15q, 16p, 16q, 21, 22, and Y; and the gain of 8, 12, 13, 
14, 16p, 16q, 17, 18, 19, 20p, and 20q. Next-Generation 
Sequencing performed by AKESOgen (Norcross, GA, 
USA) using a thirty-five gene panel revealed a KRAS G12D 
point mutation and a PIK3 R1 frameshift deletion mutation.  

The patient was then started on single-agent topotecan 
every 2 weeks, but he had evidence of progression after 
three cycles. At this time he presented to our institution for 
a second opinion. He declined pursuit of a clinical trial and 
was started on single-agent paclitaxel because of the reported 
success in relapsed refractory small cell lung cancer (1,2). 
The patient died 14 months after his initial diagnosis.

Discussion

Extrapulmonary, high-grade neuroendocrine carcinomas 
are an uncommon subtype of carcinoma and are clinically 
distinct from the more common, well-differentiated, low- 
or intermediate-grade neuroendocrine tumors. High-grade 
NECs (HGNECs) are found primarily in the lung but are 
also rarely found in other locations, including the cervix, 
kidney, bladder, prostate, pharynx, larynx, colon, rectum, 
esophagus, gallbladder, and stomach (3-5). HGNECs 
account for less than 1% of all colorectal cancers, tend to 
have an aggressive course, and are associated with a poor 
prognosis. Clinically these tumors behave in a pattern 
similar to small-cell carcinoma or large-cell neuroendocrine 
carcinoma of the lung (3). The largest case series, which 
contained 126 HGNECs of the colon and rectum and 
included those with localized disease and metastatic disease 
at presentation, reported a median overall survival (OS) of 
13.2 months and a 3-year OS of 8.7% for all patients (6). 
This was consistent with prior case series reported over the 
past two decades (7-9).

The classification of low, intermediate, and high-grade 
neuroendocrine tumors is determined by the mitotic rate or 
proliferation index. High-grade tumors of the gastrointestinal 
tract are those with a high mitotic rate, which is defined as 
>20 mitotic figures per ten high power fields, or a Ki-67 
proliferation index >20% (10,11). Tumors are classified as 
small or large cell; however, there appears to be no difference 

in prognosis between the two subtypes (12).
Advanced molecular profiling and next-generation, or 

high-throughput, sequencing is increasingly used for the 
management of oncology patients. The results of these tests 
can reveal potential therapeutic targets and are helpful in 
evaluating patients’ eligibility for potential clinical trials. 

In the above case, a KRAS G12D mutation was detected. 
This mutation has only been reported in one retrospective 
case series of colonic neuroendocrine carcinomas that 
described two patients; however, there is no mention 
of treatment or response (13). Because our patient had 
the KRAS G12D mutation, he would not be expected to 
respond to EGFR-targeted therapy, but this is based on 
extrapolation from studies on colonic adenocarcinoma. 

Genetic testing also found that our patient had a 
frameshift deletion mutation in the PI3K gene. To our 
knowledge, this genetic alteration has not previously been 
reported in HGNEC of the colon. Tumors with PI3K 
mutations are currently being studied in clinical trials 
utilizing PI3K and mTOR inhibitors. The RADIANT-3 
trial has shown promising therapeutic activity of mTOR 
inhibitors in low- to moderately-differentiated advanced 
pancreatic neuroendocrine tumors; however, this trial 
did not enroll patients with high-grade disease. Whole-
exome sequencing has shown that 6% of small-cell lung 
cancers have mutations in PIK3CA, and 36% of tumors 
have mutations in molecules in the mTOR pathway, 
including PIK3CA, PTEN (4%), AKT2 (9%), AKT3 (4%), 
RICTOR (9%), and mTOR (4%) (14). Two phase II trials 
of mTOR inhibitors in patients with previously treated 
small-cell lung cancer were conducted based on identified 
PIK3CA mutations; however, both trials showed minimal 
single agent activity (15,16). 

Due the  aggress ive  behavior  of  these  tumors , 
consideration should be given to adjuvant chemotherapy 
with, for example, cisplatin or carboplatin with etoposide. 
This is based on data from adjuvant treatment of HGNEC 
of the lung, i.e., small-cell lung cancer (17,18). However, 
given its rarity, there are no clinical trials for adjuvant 
chemotherapy following resection of HGNEC of the colon. 
There are also no radiation guidelines for primary site 
or prophylactic cranial irradiation, although data suggest 
a lower incidence of central nervous system metastases 
with extrapulmonary HGNEC when radiation is used (4). 
With few guidelines for the treatment of extrapulmonary 
HGNEC, genomic test ing may provide potential 
therapeutic options and guide treatment strategies.
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