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Abstract
BACKGROUND
PD-1 inhibitors in combination with fruquintinib have not previously been reported as neoadjuvant therapy for patients with colorectal cancer. In this case report, the combination of a PD-1 inhibitor and fruquintinib demonstrated good efficacy in patients with MSI-H colorectal cancer. 

CASE SUMMARY
The patient was a young man in his 30s who had MSI-H type colon cancer. The patient underwent four cycles of neoadjuvant therapy with a PD-1 inhibitor combined with fruquintinib before surgery, resulting in regression of the mass and a successful surgery.

CONCLUSION
Some patients with colorectal cancer have the MSI-H type, and the first-line chemotherapy regimen is not effective. However, PD-1 monoclonal antibody immunotherapy has a good therapeutic effect, which can be improved by combination therapy with fruquintinib. We recommend that patients with a history of colon or rectal cancer receive universal MSI testing; then, neoadjuvant therapy should be used.
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Core Tip: A 30-year-old man was diagnosed with microsatellite unstable colon cancer. Prior to his surgical treatment, he was treated with a neoadjuvant regimen of PD1 inhibitors in combination with fruquintinib. This neoadjuvant regimen is rarely used; however, this patient had a good outcome. Subsequently, we performed a laparoscopic radical resection of his right colon cancer, which revealed no microscopic tumour cells. The patient was in good condition after the surgical treatment.


INTRODUCTION
Colorectal cancer is the third most common malignancy worldwide, and MSI-H is present in approximately 15% of colorectal cancers[1]. Microsatellites are short tandem repeats throughout the human genome, with single nucleotide, double nucleotide or high nucleotide repeats that are comprised of 10-50 repeats. Changes in the microsatellite length that result from the insertion or deletion of repeating units in tumour cells (rather than normal cells) are called microsatellite instability. A large number of studies have shown that MSI is caused by defects in mismatch repair (MMR) genes, which are closely related to the occurrence of tumours. MSI has been clinically used as a molecular marker for the prognosis and adjuvant treatment of colorectal cancer and other solid tumours[2].
Most patients with microsatellite instability colorectal cancer develop resistance to first-line chemotherapy when having a longer course of treatment. After its successful application in the treatment of melanomas, immunotherapy has been actively explored in different types of solid cancers, including colorectal cancer. PD-1 inhibitors have been shown to be effective in the MSI-H subtypes that are associated with mismatch repair defects in patients with metastatic colorectal cancer (CRC). Immunotherapy can allow for long-term remission in a subset of patients with metastatic CRC[3]. The latest guidelines also recommend pembrolizumab or nivolumab as first-line treatment options for patients with MSI-H CRC[2]. 
For patients with CRC who have failed to receive standard first-line and second-line treatments, the third-line treatment consists of regorafenib, fruquintinib, and TAS-102[4]. Clinical studies have shown that antiangiogenic drugs combined with an immune checkpoint blockade can significantly improve the effectiveness of the malignant tumour treatments[5-8]. In addition, patients with MSI-H colorectal cancer are characterized by high VEGF expression, which can be inhibited by fruquintinib. In this case, the combination of fruquintinib resulted in a better efficacy of the neoadjuvant therapy.

CASE PRESENTATION
Chief complaints
A 30-year-old man had an increased stool frequency and unformed stool over a year.

History of present illness
One year ago, the patient had an increased stool frequency without any obvious inciting cause, and his stool properties had changed. He had abdominal distension for 2 mo prior to presentation, and his stools were loose and unformed 3 to 4 times a day. On May 26, 2021, the patient underwent a colonoscopy. The colonoscopy found that the patient had a mass that was approximately 60 cm away from the anus. Pathology showed severe atypical hyperplasia and adenocarcinoma in parts of the glandular epithelium (Figure 1).

History of past illness
The patient’s previous medical history was free of disease.

Personal and family history
The patient’s personal and family history was free of disease.

Physical examination
The patient’s vital signs were as follows: his temperature was 36.5 °C, his heart rate was 78 bpm, his respiratory rate was 17 breaths per minute, and his blood pressure was 121/84 mmHg. His abdomen was flat and soft, there were no gastrointestinal peristaltic waves, and he had no abdominal varicose and no tenderness or rebound pain in any part of his abdomen. He did not have any abdominal muscle tension, or any pain in his liver, spleen or ribs, no obvious masses were detected, and Murphy’s sign was negative. The test for shifting dullness was negative, no percussion pain was present in the area of the liver or in the areas of either of his kidneys, and his bowel sounds were heard at a frequency of 4 times/min. A digital rectal examination showed no obvious abnormalities.

Laboratory examinations
CEA 3.23 ng/mL, faecal occult blood test (+).

Imaging examinations
2021-05 Whole abdominal computed tomography (CT): The intestinal wall at the hepatic curvature of the colon was significantly thickened with enhancement, the surrounding fat space was blurred, and the adjacent lymph nodes were enlarged (Figure 2A). Enlarged lymph nodes were found beside the abdominal aorta and were approximately 1 cm in size (Figure 3A). It was recommended that an abnormal density of the left liver lobe be further evaluated.

FINAL DIAGNOSIS
The final diagnosis was a hepatic flexure tumour of the colon.

TREATMENT
Considering the results of the relevant examinations, the patient's tumour had a high degree of malignancy. We decided to treat him with neoadjuvant therapy to decrease the size of the mass, reduce the stage of the tumour, and improve the complete resection rate, instead of going straight to surgery. After the exclusion of contraindications, the patient received the first cycle of the "PD-1 inhibitor (Paprizumab) 200 mg DL + Fruquintinib 1# Po QD DL -- 21" from 2021-06, and the process went smoothly without any complaints of discomfort from the patient.
Another abdominal CT was obtained on 2021-07. The range of the colonic lesions and the surrounding lymph nodes were reduced (Figure 2B). The para-aortic lymph nodes were smaller than before, with a reduction in size from 1 cm to 0.5 cm (Figure 3B). Abdominal CT (2021-09) showed further shrinkage of the colonic lesion (Figure 2C).
After 4 cycles of PD1+ fruquintinib treatment, the patient was admitted to the Department of Colorectal Surgery on 2021-10 for a radical colon cancer resection.
Radical resection of a right colon cancer occurred on 2021-10. Laparoscopic examination showed that after the patient received neoadjuvant chemotherapy for the colon cancer, the tumour was located in the hepatic curvature of the transverse colon and did not invade the serous membrane, so a laparoscopic CME was planned. The operation went smoothly, the bleeding was minimal, the patient's vital signs were stable, and the postoperative specimens were sent out for examination. The pathologic evaluation of the posttreatment tumour regression (TRG) after neoadjuvant therapy showed a complete regression microscopically; no tumour cells were visible; and there were only a few mucous lakes that were infiltrating below the serosal membrane (Figure 4).

OUTCOME AND FOLLOW-UP
Postoperative immunomodulatory, anti-inflammatory, anti-venous thrombosis, nutritional and other treatments were provided to the patient. The patient's symptoms improved, and no special complaints of discomfort or general conditions were observed. The patient was successfully discharged 7 d after surgery. A postoperative abdominal CT (2021-11) showed that a metal suture shadow was present in the operative area, and no obvious mass shadow or abnormal enhancement was observed in the anastomosis (Figure 5).

DISCUSSION
In this case report, the neoadjuvant therapy for colon cancer included a combination of a PD-1 inhibitor and fruquintinib, which is a third-line treatment for colorectal cancer. PD1 inhibitors have fewer side effects than the existing neoadjuvant therapies, such as FOLFIRI, FOLFOX or CAPOX. The chemotherapeutic drugs of the previous regimen, such as capecitabine and oxaliplatin, can cause gastrointestinal reactions and abnormalities in the blood cell counts. Patients are also less likely to develop resistance to PD1 inhibitors. The patient was very responsive to immunotherapy and had excellent results.
The main treatment mode of microsatellite instability in colorectal cancer is immunomonotherapy. However, the current response rate of immunomonotherapy is only 60%. Immunomonotherapy combined with antiangiogenic drugs is an important method to improve the treatment efficacy. A study showed[9] that, compared with monotherapy, combination therapy could significantly inhibit tumour growth and could prolong the survival time of mice. In addition, fruquintinib combined with anti-PD-1 therapy reduced angiogenesis, enhanced the normalization of the vascular structure, and alleviated the tumour hypoxia. In addition, combination therapy reprogrammed the immune microenvironment by enhancing the release of chemokines, increasing the infiltration and activation of CD8+ T cells, decreasing the proportion of regulatory T cells, and increasing the proportion of M1/M2 macrophages. Therefore, a combination therapy that is comprised of PD1 inhibitors and antiangiogenic therapy is needed.
Regular CT examination also played an important role in observing the efficacy of the neoadjuvant therapy in this case. CT showed that there was a progressive regression of the intestinal masses after the neoadjuvant therapy. This also suggests that the examination of intestinal masses is convenient and intuitive, and people with a family history of this condition should undergo early screening with abdominal imaging examinations or colonoscopies, as well as regular screening.
It is also worth noting that the patient was in his 30 s, and this young of a patient has been very rare in previous studies. Is age a factor affecting the efficacy of immunotherapy? Are young people more resistant to PD1 inhibitors and drug combinations, such as fruquintinib? Further research is needed.
According to the NCCN guidelines for colon cancer (https://www.nccn.org/), it is recommended that all patients with a personal history of colon or rectal cancer undergo universal MMR or MSI testing[10]. After the test is completed, an appropriate treatment plan can be developed according to the results. For patients with colorectal cancer who have the opportunity to undergo surgery, preoperative neoadjuvant therapy is helpful for mass retraction and symptom relief and is conducive to the implementation of later surgery. Surgical treatment of colorectal tumours is still the most important treatment method, and neoadjuvant therapy is of great benefit prior to surgery. For example, in patients with rectal cancer who originally did not have anal preservation after neoadjuvant therapy, their masses had retreated, the distances between the lower edges of the mass and the anus had increased, and there was a chance to retain the anuses in these patients[11].

CONCLUSION
To our knowledge, PD-1 inhibitors in combination with fruquintinib have not previously been reported as a neoadjuvant therapy option in patients with colorectal cancer. This case report suggests that immunotherapy has a significant effect on microsatellite unstable colorectal cancer patients and that combining it with antiangiogenic drugs can improve the treatment efficacy. It is of great importance to improve relevant examinations, specify appropriate neoadjuvant therapy and combine medical treatment with surgical treatment in these patients.
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Figure Legends
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Figure 1 The pathology before neoadjuvant therapy. Magnification × 100.
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Figure 2 Computed tomography images of the patient (Colon hepatic flexure). A: On the first abdominal computed tomography (CT) examination (2021-05), the intestinal wall at the hepatic curvature of the colon was significantly thickened with enhancement, the surrounding fat space was blurred, and the adjacent lymph nodes were enlarged; B: Abdominal CT examination (2021-07). The range of colonic lesions was reduced, and the surrounding lymph nodes were reduced; C: Abdominal CT examination (2021-09); the results showed improvement compared to the previous imaging results.
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Figure 3 Computed tomography images of the patient (para-aortic lymph nodes). A: Abdominal computed tomography (CT) examination (2021-05), enlarged lymph nodes beside the abdominal aorta; B: Abdominal CT examination (2021-07). The para-aortic lymph nodes were smaller than before.
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Figure 4 Haematoxylin-eosin staining and immunohistochemistry staining of the colon cancer tissue specimens. Pathology after the neoadjuvant therapy. Magnification × 100.


[image: D:\小桌面\新建文件夹\SE\jdz-pdf\73545\pdf\73545-g005.png]
Figure 5 Abdominal computed tomography examination (2021-11): Postoperative review showed no evidence of recurrence.



Table 1 Organization of the case into a timeline
	Date
	[T]/[S]/[E]

	May, 2021
	[E] Colonoscopy, pathological examination, Abdominal CT examination

	June, 2021
	[E] The evaluation of three tumour markers in the serum (AFP, CEA, CA199), Faecal occult blood test; [T] Four cycles of immunotherapy (paprizumab+ fruquintinib)

	July, 2021
	[E] Abdominal CT examination

	September, 2021
	[E] Abdominal CT examination

	October, 2021
	[T] Radical resection of the right colon cancer; [E] Pathologic evaluation of the posttreatment tumour regression after neoadjuvant therapy; [S] The patient’s general appearance had improved; the patient was discharged smoothly

	November, 2021
	[E] An abdominal CT was re-evaluated after surgery



[T]: Treatment; [S]: Symptoms; [E]: Examination; CT: Computed tomography.
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