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Abstract: Colonic metastases of lung adenocarcinoma are extremely rare. Signet ring cell adenocarcinoma (SRCA) has not been
described in patients with gastrointestinal metastasis of lung adenocarcinoma. SRCA is a unique subtype of adenocarcinoma with
strong invasion and a poor prognosis, and most SRCA found in the lung are due to gastrointestinal metastases. This report describes a
rare case of colonic metastasis from primary lung SRCA. A 64-year-old female was admitted to Sun Yat-sen University Cancer Center
for feeling of nausea and malaise. Following a positron emission tomography CT (PET-CT) scan, widespread metastases of tumor cells
were found in the bilateral lung, liver, bone, and multiple lymph nodes, but there was no evidence of metastasis to the colon. Two
months later, the patient received a liver biopsy at Tongji Hospital in Wuhan. Pathology revealed a poorly differentiated adenocarci-
noma with SRCA conformation, but immunohistochemical staining did not identify the original source of tumor cells. Considering that
SRCA mainly derives from the gastrointestinal tract and that serum gastrointestinal tumor markers were elevated, we performed
gastrointestinal endoscopy on the patient. The results showed an isolated polyp in the colon, and the pathology results indicated a
poorly differentiated adenocarcinoma that was considered to originate from the lung based on immunohistochemical staining.
Meanwhile, genetic tests identified a BRAF V600E mutation. The final diagnosis was colonic metastasis of BRAFV 600E mutated
lung SRCA. Considering the positive expression of EGFR in this case, cetuximab was innovatively added to the first-line treatment
regime (dabrafenib and trametinib). To date, the patient has received thirty-two weeks of treatment. Interestingly, lung and liver tumors
shrank and tumor markers in the blood normalized. Our findings offer valuable diagnostic and therapeutic information for colonic
metastasis of BRAFV600E mutant primary lung adenocarcinoma with signet ring cell features.
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Introduction

Lung cancer is the most common tumor malignancy with high mortality in the world.' Distant metastases from primary lung
cancer usually occur in the bone, brain, liver and adrenal glands, while the gastrointestinal tract is a very rare site of
metastases.” To our knowledge, there have been no case reports describing signet ring cell adenocarcinoma (SRCA) in
gastrointestinal metastases of lung cancer. SRCA is a specific type of mucin-secreting adenocarcinoma characterized by
abundant intracytoplasmic mucins that push the nucleus to one side of the cell. SRCA originates from undifferentiated stem
cells from the mucosal lamina propria. Once SRCA infiltrates beyond the submucosa, the signet ring cells will spread widely
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and form distant metastases, suggesting high aggressiveness and poor prognosis.® Primary SRCA usually originates from the
gastrointestinal tract, and most SRCAs observed within the lung are metastatic carcinomas from the gastrointestinal tract.*
Primary lung SRCA is extremely rare®’ and therefore the SRCA found in the lung can easily be mistaken for a metastasis from
the gastrointestinal tract. Histopathology and immunohistochemistry will help to make a definite diagnosis. This report
describes an interesting case of a SRCA in a patient with colonic metastasis of primary lung adenocarcinoma, a type of non-
small cell lung cancer (NSCLC). NSCLC accounts for more than 80% of all lung cancers. Unfortunately, few patients with
NSCLC are eligible for radical treatment. Since most patients have advanced disease at the time of diagnosis, chemotherapy is
the main therapeutic strategy, which has achieved an effective plateau in improving the survival of patients with NSCLC,
although treatment outcomes are still considered disappointing.® NSCLC treatment has changed significantly with the
discovery of specific drug targets. BRAF-mutated NSCLC is considered a rare form of lung cancer. The most common
BRAF mutation, V60OE, is observed in 1-2% of lung adenocarcinomas.’ Clinical trial data has confirmed that BRAF/MEK
inhibition is an effective therapy in BRAFV600E-mutated NSCLC.'"'" In 2017, the United States Food and Drug
Administration approved the combination of BRAF inhibitor (darafenib) and MEK inhibitor (trametinib) for the treatment
of NSCLC with BRAF V600E mutation.'> BRAF serine/threonine protein kinase is a downstream signaling protein in the
epidermal growth factor receptor (EGFR)-activated mitogen-activated protein kinase (MAPK) pathway. BRAF V600E
inhibition leads to rapid negative feedback activation of EGFR, which promotes tumor proliferation. The addition of EGFR
inhibition to BRAF inhibitors can suppress MAPK reactivation and increases antitumor activity.'>'* In this case, immuno-
histochemistry showed positive expression of EGFR, so we attempted adding cetuximab to first-line therapy (dabrafenib and
trametinib) for lung adenocarcinoma with BRAFV600E mutant.

Case Report

A 64-year-old woman was admitted to the Sun Yat-sen University Cancer Center with complaints of nausea and malaise.
The serum tumor markers test showed that levels of carbohydrate antigen (CA-199) and carcinoembryonic antigen
(CEA) were significantly elevated. After a positron emission tomography CT (PET-CT) scan, tumor cells were found to
have widely metastasized to the bilateral lungs, liver, bone, and multiple lymph nodes, but there was no evidence of
metastasis to the colon. There were multiple low-density shadows in the liver (standard uptake value (SUV) 16.5) with a
maximum of 5.5x10.1 cm (Figure 1A) and multiple pulmonary nodules (SUV 7.3) with a maximum of 1.8x2.0 cm
(Figure 2A) on PET-CT scan. Taking into account the short survival and the poor prognosis, the patient asked to abandon
treatment, but the family requested additional therapy. Two months later, the patient received a liver biopsy at Tongji
Hospital in Wuhan. Pathology showed a poorly differentiated adenocarcinoma with a signet ring cell carcinomatous
conformation (Figure 3A), but immunohistochemical staining did not identify the original source of tumor cells.
Considering that SRCA derives primarily from the gastrointestinal tract and that gastrointestinal tumor markers were
elevated in the blood, we performed a gastrointestinal endoscopy. Gastroscopy revealed the absence of nodules and
masses in the stomach. Colonoscopy revealed an isolated polyp in the colon (0.4 x 0.3cm) and two polyps in the rectum
(0.6 x 0.7cm, 0.5x0.5cm). The result of the histopathological examination of the colonic polyp demonstrated poorly
differentiated adenocarcinoma (Figure 3B). To further identify the source of the malignancy, immunohistochemical
staining was used to detect typical immunohistochemical markers of lung and colorectal cancer. The result showed

Figure | Liver computed tomography images. (A) PET-CT scan revealed that the largest liver mass was 5.5%10.] cm before treatment. (B) CT reexamination showed that
the largest liver mass was shrunken to 5.9%3.0 cm after 8 weeks of treatment. (C) CT reexamination showed that the largest liver mass was shrunken to 4.5%1.8 cm after 16
weeks of treatment. (D) CT reexamination showed that the largest liver mass had been stable at 4.5% 1.8 cm after 24 weeks of treatment. (E) CT reexamination showed that
the largest liver mass was shrunken to 1.8%1.8 cm after 32 weeks of treatment.
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Figure 2 Chest computed tomography images. (A) PET-CT scan revealed that the largest pulmonary nodule was [.8%2.0 cm before treatment. (B) CT reexamination
showed that the largest pulmonary nodule had shrunken to 1.0%0.8 cm after 8 weeks of treatment. (C-E) CT reexamination showed that the largest pulmonary nodule had
been stable at 1.0x0.8 cm after 16, 24 and 32 weeks of treatment.

Figure 3 Hematoxylin and eosin staining. (A) low differentiated adenocarcinoma with signet ring cell carcinomatous conformation in the biopsy specimen of liver. (B) poorly
differentiated adenocarcinoma in the biopsy specimen of colonic polyp.

positive expression of cytokeratin 7 (CK7), thyroid transcription factor-1 (TTF1), and NapsinA, but negative expressions
of cytokeratin 20 (CK20) and caudal-type homeobox 2 (CDX2), which supported metastatic adenocarcinoma of
pulmonary origin, rather than a primary colonic adenocarcinoma.

The therapeutic outcome of chemotherapy is relatively poor for advanced lung adenocarcinoma, and the patient
refused chemotherapy. We advised her to undergo genetic testing, and eventually a BRAF V600E mutation was
identified. Considering that advanced primary lung adenocarcinoma with the BRAFV600E mutant is highly malignant
and had a poor prognosis, we chose targeted therapy (dabrafenib and trametinib). In this case, we found that EGFR
expression was positive in the patient. To further improve efficacy, we conducted a literature review to identify the
treatment strategy. Finally, a combination treatment with cetuximab (500 mg/m?* every two weeks) and dabrafenib (150
mg bid) plus trametinib (2 mg qd) was administered with the consent of the patient on 26 September 2021. There were no
uncomfortable symptoms during treatment. After two months of treatment, follow-up CT reexamination showed that the
largest lung mass had shrunken to 1.0x0.8 cm (Figure 2B) and the largest liver mass was significantly reduced to
5.9x3.0 cm (Figure 1B). Levels of the serum tumor marker CEA decreased significantly and CA199 decreased to the
normal range. Subsequently, the dose of cetuximab was reduced to 250 mg/m?* because the patient developed a systemic
rash. The treatment was fully tolerated by the patient, with no adverse reactions and no uncomfortable symptoms.

The patient underwent 32 weeks of treatment before this report was submitted for publication. Follow-up CT re-
examination demonstrated no significant changes in lung mass since the last review (Figure 2C—E). Abdominal CT scan
showed that the largest liver mass had shrunk to 4.5x1.8 cm at 16 and 24 weeks of treatment (Figure 1C-D) and
1.8%1.8 cm at 32 weeks of treatment (Figure 1E). The patient achieved a partial response. The serum tumor marker CEA
and CA199 decreased to the normal levels. The disease has remained stable at the time of submission of this manuscript.

Discussion

Lung cancer is the leading cause of cancer death around the world, with an estimated 1.6 million deaths each year.'> NSCLC
accounts for approximately 85% of cases, of which lung adenocarcinoma (LUAD) is the most common subtype.'® Most
patients with LUAD are in an advanced stage at diagnosis and their 5-year survival rate is less than 5%.'” The most common
metastatic site of NSCLC is the bone (34%), followed by the lungs (32%), brain (28%), adrenal glands (17%), liver (13%), and
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lymph nodes (9%),'® colonic metastasis is very rare. The incidence of gastrointestinal metastases of lung cancer was <2% in a
previous clinical study, while the incidence of colon metastases was approximately 12% according to autopsy studies. The
clinical incidence of gastrointestinal metastasis is lower than that reported by autopsy data, probably because gastrointestinal
metastasis is usually asymptomatic.'”*° In our case, the patient did not experience any gastrointestinal symptoms and
gastrointestinal metastasis could easily be missed. Therefore, gastrointestinal endoscopy and polyp biopsy are necessary to
determine whether there is hidden gastrointestinal metastasis in patients with lung cancer.

There was an interesting finding in our case report. After a liver biopsy, histopathology revealed a poorly differ-
entiated adenocarcinoma with SRCA conformation, although immunohistochemistry could not determine the specific
source. Most SRCA found in the lung originates from the gastrointestinal tract. Sangang et al found that only 3.1% of
SRCA originated in the lungs and the vast majority derived from the gastrointestinal tract.* Based on previous findings
and the elevated serum gastrointestinal tumor markers (CA-199 and CEA), the tumor could easily have been mistaken for
a metastasis from colonic origin in our case. To further distinguish whether the tumor originated from the lung or colon,
immunohistochemical staining for specific markers were performed. In our case, TTF1, CK7, and NapsinA, markers of
primary adenocarcinoma of the lung, were positive, while CK20, CDX2, markers of primary gastrointestinal tract tumor,
were negative,”' therefore the tumor was determined to be colonic metastasis of the primer lung SRCA. Platinum-based
chemotherapy is traditionally used to treat advanced NSCLC, but relapse rates are high with significant toxicity.

To select a better treatment approach, genetic testing was performed in our case. The results revealed that the patient
was positive for a BRAF V600E mutation. The BRAF gene is an oncogene that is a critical component of the RAS-RAF-
MEK-ERK signaling axis that regulates cell growth and division. Once the signaling reaches the next point in the
cascade, BRAF kinase is inactivated through negative feedback in healthy tissue. BRAF mutations act as oncogenic
drivers that lead to continuous activation of downstream cell signals, which promote cell growth and proliferation.* The
V600E mutation is the most common BRAF point mutation of is independently associated with a poor prognosis.
Patients with BRAF V600E mutations achieve lower responses to platinum-based chemotherapy compared to patients
with non-V600E mutations.”> BRAF V600E is a valuable target for drug therapy with BRAF inhibitors. Resistance to the
BRAF inhibitor eventually emerges due to MAPK pathway reactivation.**

The addition of downstream MEK inhibitor to block ERK signaling, and thus interferes with the MAPK pathway to
the maximum extent, allows to delay the emergence of resistance mechanisms. The combination of the BRAF V600E
specific inhibitor dabrafenib and the MEK inhibitor trametinib was approved for the treatment of BRAF V600E-mutated
lung cancer by the FDA in 2017.'* The epidermal growth factor receptor (EGFR) is a molecular target for inhibition in
NSCLC. Between 57% and 88% of primary NSCLC is found to express or overexpress EGFR.? Some studies
have shown that inhibition of BRAF (V600E) leads to rapid feedback activation of EGFR, which supports continued
proliferation in the presence of BRAF V600E inhibition. Strong synergism was observed when BRAF inhibition was
associated with EGFR inhibition in colon cancer with the BRAF V600E mutation, suggesting increased antitumor
activity and efficacy.'® As EGFR expression was found to be positive in this case, we innovatively added the EGFR-
targeted drug cetuximab to the first-line therapy (dabrafenib and trametinib) in order to improve the therapeutic effect.
After 32 weeks of treatment, the lung and liver masses shrank significantly, serum tumor markers dropped to normal, and
routine blood counts, coagulation activity, and liver and kidney function remained normal. There were no obvious
adverse reactions and uncomfortable symptoms. The disease remained stable as submission of the manuscript.

Conclusions

We report the first case of colonic metastasis of BRAF V600E mutated lung adenocarcinoma with signet ring cell
features. Similar cases are prone to misdiagnosis and missed diagnosis, thus, gastroenteroscopy should be performed
even in the absence of gastrointestinal symptoms to detect occult gastrointestinal metastases and histopathology and
immunohistochemistry should be performed to make a clear diagnosis. Similarly, cetuximab was first used in combina-
tion with dabrafenib and trametinib in the treatment of advanced BRAF V600E mutant lung adenocarcinoma. The patient
will continue to be observed for follow-up treatment efficacy. Whether the new treatment regimen can truly offer clinical
benefit needs to be further explored in prospective studies with a large sample size.
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